Field Case Histories for SPT-Based In Situ Liquefaction Potential Evaluation by Cetin, K. Onder et al.
Field Case Histories for SPT-Based
In Situ LJiquefaction Potential Evaluation
bly
K. O. Cetin , R. B. Seed, R. E. S. Moss , A. Der Kil!Jregli1ian ,
K. Tekirnatsu, L.F. Harder, Jr., and R. E. Kayen
A report on research sponsored by
Pacific Gas and Electric Company (PG&E)
Contract N0. Z-19-2-133





UNIVERSITY Ol" CALIFORNIA • BERKELEY
Field Case Histories for SPT-Based
In Situ Liquefaction Potential Evaluation
by
K. O. Cetin, R. B. Seed, R. E. S. Moss, A. Der Kiureghian,
K. Tokimatsu, L. F. Harder, Jr., and R. E. Kayen
A report on research sponsored by
Pacific Gas and Electric Company (PG&E)
Contract No. 2-19-2-133






Appendix A: Field case history documentation for the
following earthquakes:
1977 Argentina Earthquake





1979 Imperial Valley Earthquake
1993 Kushiro-Oki Earthquake







1971 San Fernando Earthquake





Appendix B: Site response analyses for field performance
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Appendix C: Proprietary field performance case histories









This report provides documentation of the field performance case histories and
site response analyses described in the report entitled "SPT-Based Probabilistic and
Deterministic Assessment of Seismic Soil Liquefaction Initiation Hazard," by Cetin, et al.
(2000).
Table 3-5, taken from that report, summarizes the interpreted field performance
case histories from the original database of Seed et al. (1984) that were found to conform
to the standards of Data Classes A, B or C, and so were used in the studies of Cetin et al.
Table 3-7, also taken from that report, summarizes the cases that were deleted from the
overall database of Seed et al, (1984), as not conforming to the defined standards of data
classes A, B, or C. Table 3-6, summarizes the interpreted field case histories from
earthquakes that occurred subsequent to 1984 that were found to conform to the standards
of Data Classes A, B or C, and so were utilized in the studies by Cetin et al. (2000).
Broader and more detailed documentation of all of these case histories, including in many
cases the interpretations of other researchers, is presented in Appendix A.
Appendix B summarizes the seismic site response analyses performed by Cetin et
al. (2000) in interpreting 53 of the field case histories from Appendix A.
Finally, Table 3-9, also taken from Cetin et al. (2000), summarizes a suite of
"proprietary" field performance case histories from alluvial sites in the 1995 Hyogoken-
Nambu (Kobe) Earthquake, and these are further documented in as much detail as is
currently allowed in Appendix C.
1
In all of these Tables and Appendices, the interpretations presented are those of
the research team, A more detailed description of some of the details of the methods and
procedures used to evaluate and analyze these field performance case histories is
presented in Cetin (2000), though the final evaluations presented in this report in some
cases post-date that dissertation, and are the most recent interpretations undertaken under
these current studies.
This report is intended only as a concise summary of a vast amount of data.
Details regarding interpretation and processing of these data are presented in Cetin et al.
(2000) and Cetin (2000).
2
Table 3-5 : Field Case History Data from Seed et at (1984) of Classes A, Band Cas Re-Evaluated for These Studies
Earthquake Site liquefied? Data Class
CrilDepth Critical Depth to
u.(psf) u·. (psf) am.. (g)Range (ft) Depth (ft) GWT(ft)
1944 Tohnankai M"'8.0 lenaga Yes 8 8.0 - 20.0 14.0 8.0 ± 1.0 1360.0 ± 208.9 985.6 ± 112.0 0.20 ± 0.060
1944 Tohnankai M"'8.0 Komei Yes 8 604- 1604 1104 604± 1.0 1108.1 ± 173.8 797.8 ± 98.0 0.20 ± 0.060
1944 Tohnankai M"'8.0 Meiko Yes C 1.6 - 11.5 6.5 1.6 ± 1.0 645.9 + 166.1 340.1 ± 86.9 0.20 ± 0.060
1948 Fukui M"'7.3 Shonenji Temple Yes 8 3.9 -18.0 11.0 3.9 ± 1.0 111004± 249.0 672.8± 117.5 0040± 0.120
1948 Fukui M=7.3 Takaya 45 Yes 8 12.3 - 40.0 26.2 12.3 ± 1.0 2761.3 ± 542.8 1897.0 ± 27004 0.35 ± 0.105
1964 Niigata M=7.5 Cc17-1 Yes 8 1604-36.1 26.2 3.0 ± 1.0 2725.9 ± 372.2 1275.3 ± 205.1 0.16 ± 0.024
1964 Niigala M"'7.5 Old Town-1 No 8 1604- 32.8 24.6 6.0 ± 1.0 2832.8 ± 337.9 1671.7 ± 180.9 0.18 ± 0.027
1964 Niigala M=7.5 OldTown -2 No B 32.8 - 42.7 37.7 6.0 ± 1.0 4407.6 ± 236.3 2427.6 ± 165.6 0.18 ± 0.027
1964 Niigata M=7.5 Rail Road-l Yes 8 1604- 32.8 24.6 3.0 ± 1.0 2553.7 ± 315.7 120504 ± 182.9 0.16 ± 0.024
1964 Niigala M=7.5 Rail Road-2 No/Yes 8 29.5 - 36.1 32.8 3.0 ± 1.0 3578.9 ± 216.5 1718.9 ± 194.3 0.16 ± 0.024
1964 Niigata M=7.5 River Site Yes 8 13.1 - 42.7 27.9 2.0 ± 1.0 2908.5 ± 527.3 1291.1 ± 240.0 0.16 ± 0.024
1964 Niigata M=7.5 Road Site No 8 13.1- 29.5 21.3 8.2 ± 1.0 2222.8 ± 315.1 1403.9 ± 166.7 0.18 ± 0.027
1964 Niigata M=7.5 Showa 8r2 Yes A 4.5 - 20.0 12.3 0.0 ± 0.0 1286.3 ± 275.6 521.9± 120.5 0.16 ± 0.024
1964 Niigala M=7.5 Showa 8r4 No 8 16.4 - 23.0 19.7 4.0± 1.0 2262.2 + 149.5 1283.5 ± 9904 0.18 + 0.027
1968 Tokachioki M=7.9 Hachinohe - 2 No A 10.0 - 26.0 18.0 7.0±1.0 2180.0 ± 337.7 1493.6 ± 182.9 0.23 ± 0.025
1968 Tokachioki M=7.9 Hachinohe - 4 No A 3.0 - 13.0 8.0 3.0 ± 1.0 875.0 ± 19504 563.0 ± 105.6 0.23 ± 0.025
1968 Tokachioki M=7.9 Hachinohe-6 Yes A 6.6 - 20.0 13.3 2.0 ± 1.0 1376.5 ± 251.8 671A± 141.8 0.23 ± 0.025
1968 Tokachioki M=7.9 Nanaehama1-2-3 Yes 8 3.0 - 1604 9.7 3.0 ± 1.0 955.2 ± 227.8 537.0 ± 110.9 0.20 ± 0.040
1971 San Femando Mw=6.6 Juvenile Hall Yes A 14.4 - 20.7 17.6 14.0 ± 2.0 1703.0 ± 125.1 1481.3± 127.6 0045 ± 0.045
1971 San Fernando Mw=6.6 Van Norman Yes A 17.0 - 24.0 20.5 17.0 ± 2.0 1982.5 ± 142.2 1764.1 ± 135.2 0045 ± 0.045
1975 Haicheng Ms-7.3 Panjin Ch. F. P. Yes 8 11.5-41.0 26.2 5.0 ± 1.0 2706.0 ± 524.2 137904± 233.1 0.13 ± 0.D26
1975 Haicheng Ms=7.3 Shuang Tal ZI R. Yes 8 19.7-36.1 27.9 5.0 ± 1.0 2878.3 ± 302.2 1449.3 ± 158.4 0.10 ± 0.020
1975 Haicheng Ms=7.3 Ying Kou G. F. P. Yes 8 1604- 29.5 23.0 5.0 ± 1.0 245104 ± 264.9 1329.6 ± 158.5 0.20 ± 0.040
1975 Halcheng Ms=7.3 Ying Kou P. P. Yes 8 14.8 - 3404 24.6 5.0 ± 1.0 2533.8 ± 354.0 1309.5 ± 169.8 0.20± 0.040
1976 Guatemala M-7.5 Amatitlan 8-1 Yes 8 10.0 - 50.0 30.0 5.0 ± 1.0 2550.0 ± 605.5 990.0 ± 201.6 0.14 ± 0.015
1976 Guatemala M=7.5 Amatitlan 8-2 No/Yes A 10.0 - 20.0 15.0 8.0 ± 1.0 1110.0 ± 155.2 673.2 ± 62.2 0.14±0.015
1976 Guatemala M=7.5 AmatiUan 8-3&4
-c, No 8 20.0 - 45.0 32.5 11.0 ± 2.0 2595.0 + 385.8 125304 ± 148.6 0.14 ± 0.015
1976 Tangshan Ms-7.8 Coastal Region Yes 8 9.8 - 19.7 14.8 4.0 ± 1.0 1510.2 ± 178.5 838.7 ± 98.7 0.13 ± 0.026
1976 Tangshan Ms=7.8 Le Ting L8-14 Yes 8 11.5 - 19.7 15.6 3.5 ± 1.0 1739.7 ± 165.7 985.6± 99.7 0.20 ± 0.040
1976 Tangshan Ms=7.8 Qing Jia Ying Yes 8 14.8 - 21.3 18.0 3.0 ± 1.0 2030.8 ± 140.8 1089.1 ± 96.6 0.35 ± 0.070
Table 3-5 : Field Case History Data from Seed et at (1984) of Classes A, Band C as Re-Evaluated for These Studies
Site V"S.40· (fps) rd CSR Equivalent 0 50 % Fines CR Cs Ca CE CN (N')60 ReferencesMag. (Mw)
Jenaga 470 0.83 ± 0.068 0.15±0.048 B 0.15 ± 0.050 25.o± 3.0 0.90 1 1 1.17 1.42 2.2 ± 0.8 Kishida (1969)
Komei 560 0.93 ± 0.057 0.17 ± 0.055 8 0.40 ±·0.100 13.o± 1.0 0.87 1 1 1.17 1.58 9.4 ± 2.9 Kishida (1969)
Meiko 380 0.89 ± 0.036 0.22 ± 0.079 B 0.20 ± 0.050 27.o± 3.0 0.80 1 1 1.17 2.00 3.6 ± 1.6 Kishida (1969)
Shonenji Temple 600 0.95 ± 0.055 0.41 ± 0.133 7.3 0.40 ± 0.030 O.O±0.0 0.B6 1 1 1.17 1.72 6.6 ± 2.2 Kishida (1969)
Takaya 45 620 0.79 ± 0.115 0.26 ± 0.OB9 7.3 0.50 ± 0.100 4.0± 1.0 1.00 1 1 1.30 1.03 21.5 ± 3.5 Kishida (1969)
Cc17-1 510 0.65 ± 0.116 0.15 ± 0.035 7.5 0.20 ±·0.035 s.oe 2.0 1.00 1 1 1.09 1.25 12.0 ± 3.1 Kishida (1966)
Old Town-1 4Bo 0.75 ± 0.110 0.15 ± 0.032 7.5 0.20 ± 0.035 s.oe 2.0 0.99 1 1 1.21 1.09 22.7 ± 0.7 Kishida (1966)
Old Town-2 560 0.55 ± 0.158 0.12 ± 0.038 7.5 0.20 ± 0.035 a.os 2.0 1.00 1 1 1.21 0.91 27.1 ± 3.3 Koizumi (1964)
Rail Road-1 560 0.76 ± 0.110 0.17 ± 0.036 7.5 0.20 ± 0.035 6.0± 2.0 0.99 1 1 1.09 1.29 13.0 ± 1.6 Koizumi (1964)
Rail Road-2 580 0.65 ± 0.140 0.14±0.038 7.5 0.2o± 0.035 2.0± 2.0 1.00 1 1 1.09 1.08 18.8 ± 2.5 Koizumi (1964)
River Site 580 0.60 ± 0.122 0.14 ± 0.037 7.5 0.43 ± 0.040 0.0± 0.0 1.00 1 1 1.09 1.24 11.1 ±4.3 Ishihara (1979)
Road Site 490 0.78 ± 0.097 0.14 ± 0.030 7.5 0.45 ± 0.040 0.0± 0.0 0.96 1 1 1.09 1.19 15.1 ±3.9 Ishihara (1979)
Showa Br2 540 0.86 ± 0.061 0.22 ± 0.039 7.5 0.40 ± 0.040 10.0± 3.0 0.86 1 1 1.09 1.96 7.5 ± 0.6 Ishihara (1979)
Showa Br4 480 0.87 ± 0.091 0.18 ± 0.034 7.5 0.30 ± 0.030 0.0± 0.0 0.95 1 1 1.21 1.25 43.0 ± 3.4 Ishihara (1979)
Hachinohe - 2 660 0.93 ± 0.084 0.20 ± 0.031 7.9 0.25 ± 0.025 5.0± 2.0 0.94 1 1 1.21 1.16 37.4 ± 2.8 Ohsaki (1970)
Hachinohe - 4 580 0.96 ± 0.042 0.22± 0.037 7.9 0.25 ± 0.025 5.0± 2.0 0.82 1 1 1.21 1.88 26.0 ± 2.6 Ohsaki (1970)
Hachinohe-6 530 0.89 ± 0.065 0.27 ± 0.047 7.9 0.25 ± 0.025 5.0± 2.0 0.89 1 1 1.09 1.73 7.6 ± 0.9 Ohsaki (1970)
Nanaehama1-2-3 560 0.95 ± 0.050 0.22± 0.055 7.9 0.12 ± 0.020 2o.0± 3.0 0.84 1 1 1.17 1.93 10.4 ± 1.4 Kishida (1970)
Juvenile Hall 540 0.81 ± 0.082 0.27 ± 0.046 6.6 0.05 ± 0.010 55.o± 5.0 0.90 1 1 1.13 1.16 4.1±1.o Bennett (1989)
Van Norman 620 0.86 ± 0.094 0.28 ± 0.047 6.6 0.06 ± 0.010 so.oe 5.0 0.93 1 1 1.13 1.06 8.2 ± 2.8 Bennett (1989)
Panjin Ch. F. P. 610 0.79 ± 0.116 0.13±0.034 7.3 0.06± 0.010 67.o± 7.0 1.00 1 1 0.83 1.20 8.2 ± 1.2 Shengcong et al. (19B3)
Shuang Tai Zi R. 610 0.77 ± 0.122 0.10 ± 0.026 7.3 0.07 ± 0.015 s.oe 2.0 1.00 1 1 1.00 1.17 11.1±1.8 Shengcong et al. (1983)
Ying Kou G. F. P. 610 0.83 ± 0.103 0.20 ± 0.048 7.3 0.08 ± 0.015 48.o± 5.0 0.98 1 1 1.00 1.23 14.9 ± 1.1 Shengcong et al. (1983)
Ying Kou P. P. 560 0.74±0.11o 0.19 ± 0.04B 7.3 0.10 ± 0.050 5.0± 2.0 0.99 1 1 1.00 1.24 12.5 ± 4.0 Shengcong et al. (1983)
Amatilian B-1 400 0.46 ± 0.117 0.10 ± 0.030 7.5 0.80 ± 0.150 s.oe 1.0 1.00 1 1 0.75 1.42 4.6 ± 1.5 Seed, et al.(1979)
Amatillan B-2 420 0.75 ± 0.065 0.11 ± 0.019 7.5 0.80 ± 0.150 s.oe 1.0 0.88 1 1 0.75 1.72 8.5 ± 1.1 Seed, et al. (1979)
Amatillan B-3&4 440 0.47 ± 0.125 0.09 ± 0.026 7.5 0.80 ± 0.150 3.o± 1.0 1.00 1 1 0.75 1.26 14.1 ± 1.B Seed, et al, (1979)
Coastal Region 590 0.92 ± 0.064 0.14 ± 0.032 8 0.14 ± 0.030 12.o± 3.0 0.90 1 1 1.00 1.54 13.2 ± 3.2 Shengcong et al. (1983)
Le Ting L8-14 650 0.94 ± 0.067 0.22 ± 0.048 8 0.10 ± 0.030 12.o± 3.0 0.91 1 1 1.00 1.42 12.8 ± 2.6 Shengcong et al. (1983)
Qing Jia Ying 640 0.92 ± 0.076 0.39± 0.087 6 0.14 ± 0.030 20.0± 3.0 0.94 1 1 1.00 1.36 23.2 ± 2.6 Shengcong et al. (1983)
Table 3-5 : Field Case History Data from Seed et al, (1984) of Classes A, Band C as Re-Evaluated for These Studies
E;arthquake Site Liquefied? Data Class Crlt.Depth Crltlcal Depth to <fo(pst) 0'0 (pst) ama,(g)Ranue {ftl Depth (ftl GWT/ftl
1976 Tangshan Ms=7.8 Tangshan CUy No 8 11.5 -18.0 14.8 9.8 ± 1.0 1574.8 ± 139.9 1267.7 ± 87.8 0.50 ± 0.100
1976 Tangshan Ms=7.8 Yao Yuan Village Yes 8 11.5 - 16.4 13.9 3.3± 1.0 1501.0 ± 101.2 835.6 ± 79.1 0.20 ± 0.040
1977 Argentina M-7.4 San Juan B-1 Yes B 26.0- 28.0 27.0 15.0 ± 1.0. 2745.0 ± 86.4 1996.2±91.7 0.20 ± 0.015
1977 Argentina M=7.4 San Juan B-3 Yes B 33.5- 43.0 38.3 22.0 ± 1.0 3796.3 ± 199.3 2782.3 ± 138.8 0.20 ± 0.015
1977 Argentina M=7.4 San Juan 8-4 No 8 4.0 - 12.0 8.0 4.0 ± 1.0 820.0 ± 149.2 570.4 ± 82.4 0.20±0.015
1977 Argenllna M=7.4 San Juan B-5 No B 7.0 - 12.0 9.5 7.0± 1.0 952.5 ± 102.3 796.5 ± 67.8 0.20 ± 0.015
1977 Argentina M=7.4 San Juan B-6 Yes 8 12.0-18.0 15.0 6.0 ± 1.0 1530.0 ± 119.9 968.4 ± 77.0 0.20± 0.015
1978 Miyagiken-Oki M-6.7 Araharna No 8 6.6 - 26.2 16.4 3.0± 1.0 1774.5 ± 365.2 938.0 ± 173.6 0.10 ± 0.020
1978 Miyagiken-Oki M=6.7 Hlyori-18 No 8 8.2 -13.1 10.7 8.0± 1.0 1092.9 ± 97.6 926.7 ± 74.5 0.14 ± 0.028
1978 Miyagiken-Okl M=6.7 Ishlnomaki-2 No 8 4.6 - 19.7 12.1 4.6 ± 1.0 1228.7 ± 266.6 757.8 ± 124.4 0.12 ± 0.024
1978 Miyagiken-Okl M=6.7 Kllawabuchi-2 No B 9.8 -13.1 11.5 9.8 ± 0.5 1115.5 ± 72.9 1013.1 ±53.7 0.14 ± 0.028
1978 Miyagiken-Oki M=6.7 Nakajima-18 No B 8.0 - 20.0 14.0 8.0± 1.0 1490.0 ± 235.5 1115.6 ± 125.0 0.14 ± 0.028
1978 Miyagiken-Oki M=6.7 Nakamura 4 Yes B 9.8 - 16.4 13.1 1.6 ± 1.0 1361.5 ± 124.3 645.0 ± 84.1 0.12 ± 0.024
1978 Miyagiken-Okl M=6.7 Nakamura 5 No B 9.0-13.1 11.1 4.3± 1.0 1118.8 ± 79.6 694.7 ± 68.1 0.12 ± 0.024
1978 Miyagiken-Oki M=6.7 Oiiri-l No B 14.0 - 25.0 19.5 14.0 ± 2.0 1907.5 ± 227.9 1564.3 ± 177.7 0.14 ±0.024
1978 Miyagiken-Oki M=6.7 Shiomi-6 No A 9.8 -19.7 14.8 8.0± 1.0 1544.0 ± 188.0 1122.0 ± 107.3 0.14 ±0.024
1978 Miyagiken-Okl M=6.7 Yuriage Br-l No 8 9.8 - 13.1 11.5 5.6 ± 1.0 1146.5 ± 67.0 780.0 ± 65.9 0.12 ± 0.024
1978 Miyagiken-Okl M=6.7 Yuriage Br-2 No B 6.0- 10.0 8.0 4.3± 1.0 797.3 ± 74.3 564.3 ± 63.8 0.12 ± 0.024
1978 Miyagiken-Okl M=6.7 Yuriage Br-3 No B 6.6 -13.1 9.8 0.9±0.5 1024.9 ± 120.5 464.0 ± 64.5 0.12 ± 0.024
1978 Miyagiken-Okl M=6.7 Yuriagekami-l No B 5.9 - 18.0 12.0 5.9 ± 1.0 1196.3 ± 215.4 619.6 ± 106.4 0.12 ±0.024
1978 Miyagiken-Oki M=6.7 Yuriagekami-2 No 8 6.6 -18.0 12.3 2.8 ± 1.0 1263.9 ± 205.1 670.2 ± 104.7 0.12 ± 0.024
1978 Miyagiken-Oki M=7.4 Nakajima-18 Yes B 8.0 - 20.0 14.0 8.0± 1.0 1490.0 ± 235.5 1115.6 ± 125.0 0.24 ±0.048
1978 Miyagiken-Oki M=7.4 Arahama Yes 8 6.6 - 26.2 16.4 3.0 ± 1.0 1774.5 ± 365.2 938.0 ± 173.6 0.20 ± 0.040
1978 Miyaglken-Oki M=7.4 Hlyori-18 Yes B 8.2 -13.1 10.7 8.0 ± 1.0 1092.9±97.6 926.7 ± 74.5 0.24 ±0.048
1978 Miyagiken-Oki M=7.4 Ishinomaki-2 Yes B 4.6 - 19.7 12.1 4.6± 1.0 1228.7 ± 266.6 757.8 ± 124.4 0.20 ± 0.040
1978 Miyagiken-Okl M=7.4 Ishlnomaki-4 No B 4.6 - 23.0 13.8 4.6±1.0 2766.0 ± 339.5 2212.6 ± 160.2 0.20 ± 0.040
1978 Miyagiken-Oki M=7.4 KUawabuchi-2 Yes 8 9.8 - 13.1 11.5 9.8 ±0.5 1115.5±72.9 1013.1 ±53.7 0.28 ± 0.056
1978 Miyagiken-Okl M=7.4 KUawabuchi-3 No B 10.0-18.0 14.0 10.0±3.0 1392.5 ± 160.1 1141.5 ± 161.7 0.28 ± 0.056
1978 Miyagiken-Oki M=7.4 Nakajima-2 No B 10.0- 20.0 15.0 8.0 ± 1.0 1605.0 ± 199.4 1168.2 ± 112.8 0.24 ±0.048
1978 Miyagiken-Okl M=7.4 Nakamura 1 No 8 6.6-13.1 9.8 3.0 ± 1.0 1036.4 ± 124.9 608.5±76.5 0.32 ± 0.064
1978 Miyagiken-Oki M=7.4 Nakamura 4 Yes B 9.8 -16.4 13.1 1.6 ± 1.0 1361.5± 124.3 645.0 ± 84.1 0.32 ± 0.064
1976 Miyagiken-Okl M=7.4 Nakamura 5 Yes B 9.0-13.1 11.1 4.3± 1.0 1116.6 ± 79.6 694.7±68.1 0.32 ±0.064
1976 Miyagiken-Okl M=7.4 Oiiri-l Yes 8 14.0- 25.0 19.5 14.0 ± 2.0 1907.5 ± 227.9 1564.3 ± 177.7 0.24 ± 0.046
1976 Miyagiken-Oki M=7.4 Shioml-6 Yes B 9.8 - 19.7 14.6 8.0 ± 1.0 1544.0± 188.0 1122.0±107.3 0.24 ± 0.048
1978 Mlyagiken-Oki M=7.4 Yuriage Br-t Yes B 9.8 - 13.1 11.5 5.6 ± 1.0 1146.5 ± 67.0 780.0 ±65.9 0.24 ± 0.048
1978 Miyagiken-Oki M=7.4 Yuriage 8r-2 Yes B 6.0 - 10.0 6.0 4.3± 1.0 797.3 ± 74.3 564.3 ±63.6 0.24 ±0.048
1976 Miyagiken-Okl M=7.4 Yuriage 8r-3 Yes B 6.6-13.1 9.8 0.9 ± 0.5 1024.9 ± 120.5 464.0 ± 64.5 0.24 ± 0.048
1976 Miyagiken-Okl M=7.4 Yuriage 8r-5 No 8 19.7 - 29.5 24.6 4.3 ± 1.0 2744.4 ± 226.2 1475.1 ± 156.3 0.24 ± 0.048
Table 3-5 : Field Case History Data from Seed et al, (1984) of Classes A, Band C as Re-Evaluated for These Studies
Site V*.,40' (fps) rd CSR Equivalent 0 50 % Fines CR Cs Ce Ce eN (N1)60 ReferencesMag. (Mw)
Tangshan City 675 0.96 ± 0.064 0.39 ± 0.064 6 0.20 ± 0.024 10.0± 2.0 0.90 1 1 1.00 1.26 33.7 ± 5.6 Shengcong et al. (1963)
Yao Yuan Village 575 0.92 ± 0.061 0.21 ± 0.046 6 0.15 ± 0.050 5.0± 3.0 0.90 1 1 1.00 1.55 11.9±5.3 Shengcong et al. (1963)
San Juan B-1 610 0.76 ± 0.107 0.14 ± 0.022 7.4 0.14 ± 0.050 20.0± 3.0 0.96 1 1 0.75 1.00 6.7 ± 1.5 ldriss, el al. (1979)
San Juan B-3 560 0.56 ± 0.144 0.10 ± 0.027 7.4 0.14 ± 0.050 20.0± 3.0 1.00 1 1 0.75 0.65 7.3 ± 1.0 ldriss, et at. (1979)
San Juan 6-4 590 0.97 ± 0.036 0.18 ± 0.027 7.4 0.29 ± 0.025 4.0± 1.5 0.77 1 1 0.75 1.87 14.8 ± 0.6 ldriss. et al, (1979)
San Juan 6-5 670 0.98 ± 0.044 0.15 ± 0.019 7.4 0.24 ± 0.025 3.0± 1.0 0.80 1 1 0.75 1.58 14.5±0.1 Idriss, et al. (1979)
San Juan 6-6 630 0.94± 0.065 0.19±0.023 7.4 0.10 ± 0.025 50.0± 5.0 0.87 1 1 0.75 1.44 5.7 ± 0.2 ldriss, el al. (1979)
Arahama 610 0.91 ± 0.070 0.11±0.025 6.7 0.45 ± 0.060 O.O±0.0 0.92 1 1 1.09 1.46 14.1 ±2.7 Tohno et al, (1961)
Hiyori-18 640 0.96 ± 0.046 0.10 ± 0.023 6.7 0.15 ± 0.030 20.0± 3.0 0.66 1 1 1.09 1.47 12.5 ± 2.5 Tsuchida l;llal. (1979, 1980)
Ishinomaki-2 520 0.69 ± 0.054 0.11 ± 0.026 6.7 0.15 ± 0.030 10.0± 2.0 0.88 1 1 1.09 1.62 6.2 ± 0.5 Ishihara et al, (1980)
Kitawabuchi-2 460 0.85 ± 0.052 0.08 ± 0.018 6.7 0.53 ± 0.100 5.0± 2.0 0.87 1 1 1.00 1.41 13.5 ± 2.5 Iwasaki (1978)
Nakajima-18 590 0.92 ± 0.061 0.11 ± 0.025 6.7 0.35 ± 0.050 3.0± 1.0 0.90 1 1 1.09 1.34 12.6 ± 5.3 Tsuchida l;llal. (1979,1980)
Nakamura 4 700 0.97 ± 0.058 0.16 ± 0.037 6.7 0.70 ± 0.150 5.0± 1.0 0.89 1 1 1.00 1.76 8.7 ± 0.7 Iwasaki (1978)
Nakamura 5 620 0.96 ± 0.050 0.12 ± 0.027 6.7 0.28 ± 0.030 4.0± 1.0 0.86 1 1 1.00 1.70 10.3 ± 2.0 Iwasaki (1978)
Oiiri-1 490 0.73 ± 0.061 0.08 ± 0.018 6.7 0.34 ± 0.100 5.0± 3.0 0.95 1 1 1.00 1.13 9.8 ± 1.8 Iwasaki (1978)
Shiomi-6 600 0.92 ± 0.064 0.11 ± 0.023 6.7 0.25 ± 0.050 10.0± 2.0 0.90 1 1 1.09 1.34 9.7 ± 2.3 Tsuchida et at. (1979, 1980)
Yuriaqe Br-1 600 0.94 ± 0.051 0.11±0.024 6.7 0.40 ± 0.100 5.0± 1.0 0.87 1 1 1.00 1.60 4.1 ± 1.8 Iwasaki (1978)
Yuriage 6r-2 660 0.98 ± 0.038 0.11 ±0.025 6.7 1.60 ± 0.200 7.0± 1.0 0.82 1 1 1.12 1.88 19.7 ± 2.8 Iwasaki (1978)
Yuriaqe I3r-3 620 0.96± 0.045 0.17 ± 0.036 6.7 1.20 ± 0.200 12.0± 2.0 0.85 1 1 1.00 2.00 12.0±2.1 Iwasaki (1978)
Yuriaqekarni-t 560 0.92 ± 0.053 0.10 ± 0.024 6.7 0.04 ± 0.010 60.0± 5.0 0.77 1 1 1.00 1.56 2.8 ± 1.2 Iwasaki (1978)
Yuriaqekarnl-Z 620 0.95 ± 0.055 0.14 ± 0.032 6.7 0.40 ± 0.100 O.O± 0.0 0.66 1 1 1.00 1.73 13.3 ± 5.2 Iwasaki (1978)
Nakajima-18 590 0.92 ± 0.061 0.19 ± 0.043 7.4 0.35 ± 0.050 3.0± 1.0 0.90 1 1 1.09 1.34 12.6 ± 5.3 Tsuchida et at. (1979, 1980)
Arahama 610 0.91 ± 0.070 0.22 ± 0.051 7.4 0.45 ± 0.080 O.O±0.0 0.92 1 1 1.09 1.46 13.1 ± 3.6 Tohno et al. (1961)
Hiyori-18 640 0.97 ± 0.048 0.18 ± 0.039 7.4 0.15 ± 0.030 20.0± 3.0 0.86 1 1 1.09 1.47 12.5±2.7 Tsuchida l;llal, (1979, 1980)
Ishinomaki-2 520 0.69 ± 0.054 0.19±0.044 7.4 0.15 ± 0.030 10.0± 2.0 0.86 1 1 1.09 1.62 6.0 ± 0.7 Ishihara et at, (1960)
Ishinomaki-4 650 0.95 ± 0.060 0.16 ± 0.034 7.4 0.18 ± 0.020 10.0± 2.0 0.89 1 1 1.21 0.95 25.2 ± 2.4 Ishihara et at, (1980)
Kilawabuchi-2 460 0.85 ± 0.052 0.17 ± 0.036 7.4 0.53 ± 0.100 5.0± 2.0 0.67 1 1 1.00 1.41 13.5 ± 2.9 Iwasaki (1978)
Kilawabuchi-3 670 0.96 ± 0.061 0.21 ± 0.057 7.4 0.41 ± 0.060 O.O± 0.0 0.90 1 1 1.21 1.32 18.9 ± 7.3 Iwasaki (1978)
Nakajima-2 620 0.93 ± 0.065 0.20 ± 0.044 7.4 0.12 ± 0.030 26.0± 5.0 0.91 1 1 1.09 1.31 15.4 ± 3.1 Tsuchida et al, (1979, 1960)
Nakamura 1 680 0.98 ± 0.045 0.35 ± 0.079 7.4 0.28 ± 0.040 4.0± 1.0 0.85 1 1 1.12 1.81 26.8 ± 7.2 Iwasaki (1978)
Nakamura 4 700 0.97 ± 0.058 0.43 ± 0.098 7.4 0.70 ± 0.150 5.0± 1.0 0.89 1 1 1.00 1.76 8.7 ± 0.7 Iwasaki (1976)
Nakamura 5 620 0.96 ± 0.050 0.32 ± 0.072 7.4 0.28 ± 0.030 7.0± 2.0 0.86 1 1 1.00 1.70 10.3 ± 2.0 Iwasaki (1978)
Oiiri-1 490 0.74±0.081 0.14 ± 0.035 7.4 0.34 ± 0.100 5.0± 3.0 0.95 1 1 1.00 1.13 9.8 ± 2.2 Iwasaki (1978)
Shioml-6 600 0.92 ± 0.064 0.20 ± 0.044 7.4 0.25 ± 0.050 10.0± 2.0 0.90 1 1 1.09 1.34 9.7 ± 2.3 Tsuchida et al, (1979, 1980)
Yuriaqe Br-1 600 0.95 ± 0.051 0.22 ± 0.048 7.4 0.40 ± 0.100 5.0± 1.0 0.87 1 1 1.00 1.60 4.1 ± 1.6 Iwasaki (1978)
Yuriaqe I3r-2 660 0.98 ± 0.038 0.22 ± 0.050 7.4 1.60 ± 0.200 7.0± 1.0 0.82 1 1 1.12 1.88 19.7 ± 2.8 Iwasaki (1978)
Yuriaqe 6r-3 620 0.96 ± 0.045 0.33 ± 0.073 7.4 1.20 ± 0.200 12.0± 2.0 0.85 1 1 1.00 2.00 12.0±2.1 Iwasaki (1978)
Yuriage 6r-5 660 0.66± 0.099 0.25 ± 0.059 7.4 0.35 ± 0.080 17.0± 3.0 0.99 1 1 1.12 1.16 26.3 ± 8.6 Iwasaki (1978)
Table 3-5 : Field Case History Data from Seed et al, (1984) of Classes A, Band C as Re-Evaluated for These Studies
Earthquake Site Liquefied? Data Class CrltDepth Critical Depth to u.(psf) u·. (psf) am•• (g)Range (ft) Depth (ft) GWT(ft)
1978 Miyagiken-Oki M:;:7.4 Yuriagekami-1 Yes B 5.9 - 18.0 12.0 5.9 ± 1.0 1198.3 ± 215.4 819.6 ± 106.4 0.24± 0.048
1978 Miyagiken-Oki M"7.4 Yuriagekami-2 Yes B 6.6 - 18.0 12.3 2.8 ± 1.0 1263.9 ± 205.1 670.2 ± 104.7 0.24 ± 0.048
1978 Miyagiken-Oki M"7.4 Yuriagekami-3 No B 14.8 - 24.6 19.7 7.1 ± 1.0 2122.7 ± 198.3 1334.5 ± 112.2 0.24 ± 0.048
1979 Imperial Valley ML-6.6 Radio Tower B2 No B 6.6 - 9.8 8.2 6.6 ± 1.0 746.4 ± 58.8 644.0 ± 65.9 0.16±0.019
1979 Imperial Valley ML:;:6.6 Heber Road A1 No B 5.9 - 16.4 11.2 5.9 ± 3.0 1246.7 ± 233.4 919.2 ± 160.0 0.47 ± 0.050
1979 Imperial Valley ML:;:6.6 Heber Road A2 Yes B 6.0 - 15.1 10.6 5.9 ± 3.0 974.1 ± 147.3 683.4± 181.6 0.47 ± 0.050
1979 Imperial Valley ML:;:6.6 Heber Road A3 No B 5.9 - 16.1 11.0 5.9 ± 3.0 1095.0 ± 183.2 777.7 ± 175.8 0.47 ± 0.050
1979 Imperial Valley ML=6.6 Kombloom B No A 8.5 - 17.0 12.8 9.0 ± 1.0 1248.8 ± 154.1 1014.8 ± 88.9 0.13±0.010
1979 Imperial Valley ML:;:6.6 McKim Ranch A Yes A 5.0-13.0 9.0 5.0 ± 1.0 875.0 ± 135.9 625.4 ± 80.4 0.51 ± 0.050
1979 Imperial Valley ML:;:6.6 Radio Tower B1 Yes B 9.8 -18.0 13.9 6.6 ± 1.0 1291.8± 135.8 831.2 ± 82.7 0.18 ± 0.019
1979 Imperial Valley ML:;:6.6 River ParkA Yes C 1.0 - 5.9 3.5 1.0 ± 0.5 323.0 ± 78.4 170.0± 40.6 0.16 ± 0.045
1979 Imperial Valley ML:;:6.6 Wildlife B No B 9.0 - 22.0 15.5 3.0 ± 1.0 1520.0 ± 239.1 740.0 ± 139.7 0.17 ± 0.045
1980 Mid-Chiba M:;:6.1 Owi-1 No A 13.1 - 23.0 18.0 3.0 ± 1.0 1879.7 ± 179.0 940.9 ± 102.7 0.10 ± 0.001
1980 Mid-Chiba M:;:6.1 Owi-2 No C 42.7 - 52.5 47.6 3.0±1.0 4980.1 ± 218.9 2198.8 ± 162.4 0.10±0.001
1981 WestMorland ML:;:5.6 Kombloom B Yes A 8.5 - 17.0 12.8 9.0 ± 1.0 1248.8 ± 154.1 1014.8 ± 88.9 0.19 ± 0.025
1981 Westmorland ML=5.6 Radio Tower B1 Yes B 9.8 - 18.0 13.9 6.6 ± 1.0 1291.8± 134.7 831.2 ± 80.9 0.17 ± 0.020
1981 Westmorland ML=5.6 Radio Tower B2 No B 6.6 - 9.8 8.2 6.6 ± 1.0 746.4 ± 56.2 644.0 ± 63.6 0.16 ± 0.020
1981 Westmorland ML=5.6 River Park A No B 1.0 - 5.9 3.5 1.0 ± 0.5 323.0 ± 78.4 170.0 ± 40.6 0.17 ± 0.020
1981 WestMorland ML=5.6 River Park C No A 11.0 -17.0 14.0 1.0 ± 0.5 1520.0 ± 122.1 708.8 ± 73.7 0.17 ± 0.020
1981 WestMorland ML:;:5.6 Wildlife B Yes A 9.0 - 22.0 15.5 3.0 ± 1.0 1520.0 ± 222.9 740.0 ± 109.7 0.23 ± 0.020
1981Westmorland ML"5.6 McKim Ranch A No B 5.0 - 13.0 9.0 5.0 ± 1.0 875.0 ± 135.9 625.4 ± 80.4 0.09 ± 0.023
Table 3-5: Field Case History Data from Seed et at (1984) of Classes A, Band C as Re-Evaluated for These Studies
Site V'"s.4lr (fps) rd CSR Equivalent 0 50 % Fines CR Cs Ca Ce CN (N,)eo ReferencesMag. (Mw)
Yuriagekami-1 560 0.92 ± 0.053 0.21 ± 0.049 7.4 0.04 ± 0.010 60.0± 5.0 0.87 1 1 1.00 1.56 2.8 ± 1.2 Iwasaki (1978)
Yuriagekami-2 620 0.95 ± 0.055 0.28 ± 0.064 7.4 0.40 ± 0.100 O.O±0.0 0.88 1 1 1.00 1.73 13.3 ± 5.2 Iwasaki (1978)
Yuriagekami-3 660 0.91 ± 0.082 0.23 ± 0.051 7.4 0.60 ± 0.015 O.O±0.0 0.95 1 1 1.12 1.22 27.3 ± 2.5 Iwasaki (1978)
Radio Tower 82 · 0.99 ± 0.020 0.12 ± 0.019 6.5 0.10 ± 0.020 30.0± 5.0 0.77 1 1 1.13 1.76 17.0 ± 2.8 Bennett et al.(1984)
Heber Road A1
·
0.82 ± 0.010 0.33 ± 0.074 6.5 0.11 ±0.010 25.0± 4.0 0.82 1 1 1.13 1.48 45.2 ± 3.6 Youd et al. (1983)
Heber Road A2 · 0.78 ± 0.020 0.35 ± 0.101 6.5 0.11 ± 0.010 29.0± 4.5 0.74 1 1 1.13 1.71 3.8 ± 2.4 Youd et al. (1983)
Heber Road A3 · 0.75 ± 0.025 0.33 ± 0.085 6.5 0.10 ± 0.010 37.0± 5.0 0.82 1 1 1.13 1.60 19.5 ± 6.1 Youd et al (1983)
Kornbloom 8 · 0.83 ± 0.030 0.09 ± 0.010 6.5 0.05 ± 0.020 92.0± 10.0 0.85 1 1 1.13 1.40 7.2 ± 3.5 8ennett et a!. (1984)
McKim Ranch A 590 0.95 ± 0.042 0.44 ± 0.072 6.4 0.11±0.003 31.0± 3.0 0.79 1 1 1.13 1.79 8.5 ± 4.2 Bennett et al, (1984
Radio Tower B1 · 0.97 ± 0.030 0.16 ± 0.025 6.5 0.05 ± 0.015 75.0± 10.0 0.86 1 1 1.13 1.55 6.8 ± 5.2 Bennett et al, (1984)
River Park A · 0.99 ± 0.015 0.17 ± 0.067 6.5 0.04 ± 0.010 80.Ot 10.0 0.66 1 1 1.13 2.00 4.0 ± 3.4 Youd et al. (1982)
Wildlife B
·
0.67 ± 0.035 0.13 ± 0.039 6.5 0.09 ± 0.005 40.0± 3.0 0.88 1 1 1.13 1.64 12.8 ± 5.7 Bennett et al. (1984)
Owi-1 490 0.75 ± 0.076 0.09 ± 0.011 6.1 0.18 ± 0.020 13.0±1.0 0.86 1 1 1.09 1.46 6.3 ± 0.6 Ishihara (1981)
Owi-2 490 0.33 ± 0.149 0.05 ± 0.021 6.1 0.17 ± 0.020 27.0± 1.0 1.00 1 1 1.09 0.95 3.7 ± 0.6 Ishihara (1981)
Kornbloom B
·
0.83 ± 0.012 0.14 ± 0.020 5.9 0.05 ± 0.020 92.0± 10.0 0.85 1 1 1.13 1.40 7.2 ± 3.5 Bennett et al. (1984)
Radio Tower 81 · 0.89 ± 0.012 0.14 ± 0.023 5.9 0.05 ± 0.015 75.0± 10.0 0.80 1 1 1.13 1.55 6.8 ± 5.2 Bennett et al. (1984)
Radio Tower B2 · 0.98 ± 0.010 0.12 ± 0.019 5.9 0.10 ± 0.020 30.0± 5.0 0.77 1 1 1.13 1.76 17.0 ± 2.8 Bennett et aI.(1984)
River ParkA
·
0.99 ± 0.003 0.19 ± 0.043 5.9 0.04 ± 0.010 80.0± 10.0 0.66 1 1 1.13 2.00 4.0 ± 3.4 Youd et al. (1983)
River Park C · 0.97 ± 0.010 0.23 ± 0.030 5.9 0.15 ± 0.008 18.0± 3.0 0.86 1 1 1.13 1.68 20.2 ±7.7 Youd et al. (1983)
Wildlife B · 0.89 ± 0.013 0.24 ± 0.030 5.9 0.09 ± 0.005 40.0± 3.0 0.88 1 1 1.13 1.64 12.8 ± 5.7 Bennett et al, (1984)
McKim Ranch A
·
0.93 ± 0.010 0.08 ± 0.022 5.9 0.11 ± 0.003 31.0± 3.0 0.79 1 1 1.13 1.79 8.5 ± 4.2 Bennett et al. (1984)
Table 3-6 : New Field Case History Data of Classes A, Band C as Developed for These Studies
Site liquefied? Data Class Crit.Depth Critical Depth to aa(psf) a'a (psf) am.. (g)Earthquake Range (ft) Depth (ft) GWT(ft)
1964 Niigata M=7.5 Arayamotomachi Yes B 6.6 - 14.8 10.7 3.3 ± 1.0 1103.2 ± 147.2 642.6 ± 87.9 0.09 ± 0.018
1964 Niigata M=7.5 Cc17-2 Yes B 11.5-23.0 17.2 3.0 ± 1.0 1778.6 ± 219.3 891.0 ± 130.4 0.16 ± 0.024
1968 Tokachi-Oki M-7.9 Aomori Station Yes A 13.1 - 24.6 18.9 0.0 ± 1.0 1980.8 ± 214.9 803.6 ± 122.8 0.21 ± 0.030
1976 Tangshan Ms=7.8 Luan Nan-L 1 No B 4.9 -18.0 11.5 3.6 ± 1.0 1287.7 ± 265.9 796.4 ± 135.9 0.22 ± 0.044
1976 Tangshan Ms=7.8 Luan Nan-L2 Yes B 4.9 - 18.0 11.5 3.6 ± 1.0 1169.6 ± 232.5 678.3 ± 112.4 0.22± 0.044
1983 Nihonkai-Chubu M=7.1 Arayamotomachi No B 3.3 - 24.6 13.9 3.3 ± 1.0 1447.7 ± 375.9 782.3 ± 168.0 0.15 ± 0.030
1983 Nihonkai-Chubu M=7.1 Arayamotomachi Coarse Sand No B 26.2 - 34.4 30.3 3.3 ± 1.0 3305.4 ± 186.0 1616.5 ± 137.4 0.15 ± 0.030
1983 Nihonkai-Chubu M=7.1 Takeda Elementary Sch. Yes B 8.2-21.3 14.8 1.1 ± 1.0 1544.5 ± 236.1 694.8 ± 122.3 0.12 ± 0.022
1983 Nihonkai-Chubu M=7.7 Aomori Station Yes B 13.1 - 24.6 18.9 0.0 ± 1.0 1980.8 ± 214.9 803.6 ± 122.8 0.12 ± 0.018
1983 Nihonkai-Chubu M=7.7 Arayamotomachi Yes B 3.3 - 24.6 13.9 3.3 ± 1,0 1447.7 ± 375.9 782.3 ± 168.0 0.20 ± 0.040
1983 Nihonkai-Chubu M=7.7 Gaiko Wharf B-2 Yes B 8.2 - 41.0 24.6 1.3 ± 1.0 2570.9 ± 581.8 1115.3 ± 256.4 0.23 ± 0.035
1983 Nihonkai-Chubu M=7.7 Noshiro Section N-7 Yes B 6.6 - 16.4 11.5 5.7 ± 1.0 1148.3 ± 175.6 790.0 ± 93.2 0.25 ± 0.055
1983 Nihonkai-Chubu M=7.7 Takeda Elementary Sch. Yes A 8.2 - 21.3 14.8 1.1 :I: 1.0 1544.5 ± 236.1 694.8:1: 122.3 0.28:1: 0.040
1987 Elmore Ranch MW=6.2 Radio Tower B1 No B 9.8 -18.0 13.9 6.6:1: 1.0 1291.8 ± 134.7 831.2:1: 80.9 0.09:1: 0.025
1987 Elmore Ranch Mw=6.2 Wildlife B No A 9.0 - 22.0 15.5 3.0:1: 1.0 1520.0 ± 222.9 740.0:1: 109.7 0.00:1: 0.005
1987 Superstition Hills MW=6.6 Radio Tower Bl No B 9.8 - 18.0 13.9 6.6 ± 1.0 1291.8 ± 134.7 831.2 ± 80.9 0.20 ± 0.040
1987 Superstition Hills Mw=6.6 Wildlife B Yes A 9.0 - 22.0 15.5 3.0:1: 1.0 1520.0 ± 222.9 740.0 ± 109.7 0.18 ± 0.005
1987 Superstition Hills MW=6.7 Heber Road A1 No B 5.9 - 16.4 11.2 5.9 ± 3.0 1246.7 ± 233.4 919.2:1: 160.0 0.16 ± 0.020
1987 Superstition Hills Mw=6.7 Heber Road A2 No B 6.0-15.1 10.6 5.9:1:3.0 974.1 ± 156.2 683.4 :I: 188.9 0.15 ± 0.020
1987 Superstition Hills Mw=6.7 Heber Road A3 No B 5.9 - 16.1 11.0 5.9 ± 3.0 1095.0:1: 183.2 777.7:1: 175.8 0.13:1: 0.020
1987 Superstition Hills Mw=6.7 Kombloom B No A 8.5 - 17.0 12.8 9.0 ± 1.0 1248.8 ± 154.1 1014.8 ± 88.9 0.17 ± 0.020
1987 Superstition Hills Mw=6.7 McKim Ranch A No A 5.0-13.0 9.0 5.0± 1.0 875.0 ± 135.9 625.4 ± 80.4 0.16 ± 0.020
1987 Superstition Hills Mw=6.7 Radio Tower B2 No B 6.6 - 9.8 8.2 6.6 ± 1.0 746.4:1: 66.7 644.0 ± 73.0 0.18 ± 0.020
1987 Superstition Hills Mw=6.7 River Park A No C 1.0 - 5.9 3.5 1.0 ± 1.0 323.0:1: 78.5 170.0 ± 64.2 0.19 ± 0.020
1987 Superstition Hills Mw=6.7 River Park C No A 11.0-17.0 14.0 1.0 ±0.5 1520.0 ± 122.1 708.8 ± 73.7 0.19 ± 0.020
1989 Lorna Prieta Mw=7 Alameda BF Dike No B 19.7 - 23.0 21.3 9.8 ± 3.0 2616.5 ± 92.5 1899.9 ± 185.7 0.24 ± 0.024
1989 Lorna Prieta Mw=7 Farris Farm Yes B 16.4 - 23.0 19.7 14.8:1:3.0 1796.3 ± 162.8 1489.2 ± 215.5 0.37:1: 0.050
1989 Lorna Prieta Mw=7 Hall Avenue No A 11.5-18.9 15.2 11.5±2.0 1421.0 ± 141.1 1190.7:1: 118.6 0.14± 0.013
1989 Loma Prieta Mw=7 Marine Laboratory UC-B 1 Yes B 7.9-18.0 13.0 7.9:1: 3.0 1282.0 ± 184.3 964.7:1: 177.0 0.24 ± 0.025
1989 Lama Prieta Mw=7 MBARI NO:3 EB-1 No B 6.6 - 9.8 8.2 6.6 ± 1.0 820.2 ± 75.2 717.8 ± 55.9 0.24 ± 0.025
1989 Lama Prieta Mw=7 MBARI NO:3 EB-5 No A 5.9 - 21.0 13.5 5.9 ± 1.0 1428.8 :I:292.5 957.9 ± 144.1 0.27 ± 0.025
1989 Loma Prieta Mw=7 Sandholdt UC-Bl0 Yes B 5.9 - 12.0 9.0 5.5± 1.0 885.0:1: 110.2 669.6 ± 72.8 0.26:1: 0.025
1989 Loma Prieta Mw=7 Miller Farm Yes B 13.1 - 26.2 19.7 13.1 ± 1.0 1804.5:1: 216.0 1395.0:1: 108.7 0.42:1: 0.050
1989 Lama Prieta Mw=7 Miller Farm CMF10 Yes B 23.0 - 32.8 27.9 9.8:1: 1.0 2600.1 ± 176.3 1474.1:1: 113.6 0.41:1: 0.050
1989 Lorna Prieta Mw=7 Miller Farm CMF3 Yes A 18.9 - 24.6 21.7 18.7 ± 3.0 2016.9 ± 142.9 1827.5:1: 154.9 0.46:1: 0.050
1989 Lorna Prieta Mw=7 Miller Farm CMF5 Yes B 18.0 - 27.9 23.0 15.4:1:1.0 2409.8:1: 201.3 1938.9:1: 120.0 0.41 ± 0.050
1989 Loma Prieta Mw=7 Miller Farm CMF8 Yes B 16.4 - 26.2 21.3 16.1:1:1.0 2052.2:1: 177.5 1724.6 ± 108.1 0.46 ± 0.050
1989 Lama Prieta Mw=7 State Beach UC-B1 Yes A 5.9 - 12.0 9.0 5.9:1: 1.0 865.7 ± 105.1 675.6 ± 73.9 0.29 ± 0.025
1989 Loma Prieta Mw=7 State Beach UC-B2 Yes A 9.0 - 22.0 15.5 9.0 ± 1.0 1582.5:1: 231.8 1176.9:1: 117.4 0.24 ± 0.025
1989 Lama Prieta Mw=7 POO7-2 Yes A 18.0 - 22.3 20.2 9.8 ± 2.0 2320.4 ± 99.7 1675.5:1: 142.2 0.22:1: 0.010
Table 3-6 : New Field Case History Data of Classes A, Band C as Developed for These Studies
Site V· _.40' (fpsI rd CSR i:qulvalent 0 50 % Fines CR Cs Ca Ce CN (N,Ien ReferencesMag. (Mw)
Arayamotomachi 490 0.90 ± 0.054 0.09 ± 0.021 7.5 0.15 ± 0.070 5.0± 2.0 0.86 1 1 1.22 1.76 4.8 ± 2.6 Yasuda and Tohno (1988)
Cc17-2 480 0.78 ± 0.081 0.16 ± 0.032 7.5 0.20 ± 0.035 8.0± 2.0 0.93 1 1 1.09 1.50 12.0 ± 2.1 Kishida (1966)
Aomori Station 520 0.80 ± 0.087 0.27 ± 0.054 7.8 0.25 ± 0.020 3.0± 1.0 0.94 1 1 1.22 1.58 16.3 ± 1.6 Yasuda and Tohno (1988)
Luan Nan-Ll 640 0.96 ± 0.052 0.22 ± 0.050 8 0.17 ± 0.060 5.0± 3.0 0.87 1 1 1.00 1.58 26.5 ± 3.6 Shengcong et al. (1983)
Luan Nan-L2 640 0.96 ± 0.052 0.24 ± 0.055 8 0.17 ± 0.060 3.0± 2.0 0.87 1 1 1.00 1.72 8.8 ± 0.9 Shengcong et al. (1983)
Arayamotomachi 490 0.84 ± 0.061 0.15 ± 0.036 7.1 0.15 ± 0.070 15.0± 4.0 0.90 1 1 1.22 1.60 8.9 ± 4.9 Yasuda and Tohno (1988)
Arayamotomachi Coarse Sand 550 0.63 ± 0.118 0.13 ± 0.035 7.1 0.42 ± 0.100 O.O± 1.0 1.00 1 1 1.22 1.11 17.7 ± 4.5 Yasuda and Tohno (1988)
Takeda Elementary Sch. 470 0.80 ± 0.064 0.14 ± 0.031 7.1 0.24 ± 0.020 o.o± 1.0 0.90 1 1 1.22 1.70 14.6 ± 1.6 Yasuda and Tohno (1988)
Aomori Station 520 0.80 ± 0.079 0.15 ± 0.030 7.7 0.25 ± 0.020 3.0± 1.0 0.94 1 1 1.22 1.58 16.3 ± 1.6 Yasuda and Tohno (1988)
Arayamotomachi 490 0.85 ± 0.061 0.20 ± 0.048 7.7 0.15 ± 0.070 15.0± 4.0 0.90 1 1 1.22 1.60 8.9 ±4.9 Yasuda and Tohno (1988)
Gaiko Wharf B-2 550 0.74 ± 0.099 0.25 ± 0.054 7.7 0.25 ± 0.020 1.0± 1.0 0.99 1 1 1.22 1.34 12.3 ± 2.9 Hamada (1992)
Noshiro Section N-7 560 0.93 ± 0.052 0.22 ± 0.054 7.7 0.25 ± 0.020 1.0± 1.0 0.87 1 1 1.22 1.59 16.4 ± 3.6 Hamada (1992)
Takeda Elementary Sch. 470 0.81 ± 0.064 0.32 ± 0.062 7.7 0.24 ± 0.020 O.O± 1.0 0.90 1 1 1.22 1.70 14.6 ± 1.6 Yasuda and Tohno (1988)
Radio Tower B1 · 0.97 ± 0.032 0.09 ± 0.026 6.2 0.05 ± 0.015 75.0± 10.0 0.86 1 1 1.13 1.55 6.8 ± 5.2 Bennett et al. (1984)
WildfifeB
·
0.75 ± 0.035 0.10±0.011 6.2 0.09 ± 0.000 40.0± 3.0 0.88 1 1 0.00 1.64 12.8 ± 5.7 Bennett et al. (1984)
Radio Tower B1
·
0.94 ±0.032 0.18 ± 0.042 6.6 0.05 ± 0.015 75.0± 10.0 0.86 1 1 1.13 1.55 6.8 ± 5.2 Bennett et al. (1984)
WildfifeB
·
0.84 ± 0.035 0.20± 0.021 6.6 0.09 ± 0.005 40.0± 3.0 0.88 1 1 1.13 1.64 12.8 ± 5.7 Bennett et aI. (1984)
Heber Road A1
·
0.82 ± 0.022 0.12 ± 0.026 6.7 0.11 ± 0.010 25.0± 4.0 0.82 1 1 1.13 1.48 44.0 ± 3.6 Youd et al. (1983)
Heber Road A2
·
0.78 ± 0.024 0.12± 0.034 6.7 0.11 ± 0.010 29.0± 4.5 0.81 1 1 1.13 1.71 3.8 ± 2.4 Youd et al. (1983)
Heber Road A3 · 0.75 ± 0.025 0.11 ± 0.026 6.7 0.10 ± 0.010 37.0± 5.0 0.82 1 1 1.13 1.60 19.5 ± 6.1 Youd et aI (1983)
Kombloom B
·
0.83 ± 0.030 0.13 ± 0.017 6.7 0.05 ± 0.020 92.0± 10.0 0.85 1 1 1.13 1.40 7.2 ± 3.5 Bennett et aI. (1984)
McKim Ranch A
·
0.95 ± 0.025 0.14 ± 0.024 6.7 0.11 ± 0.003 31.0± 3.0 0.79 1 1 1.13 1.79 8.5 ± 4.2 Bennett et al. (1984
Radio Tower B2
·
0.99 ± 0.020 0.13 ± 0.021 6.7 0.10 ± 0.020 30.0± 5.0 0.77 1 1 1.13 1.76 17.0 ± 2.8 Bennett et al.(1984)
River ParkA · 0.99 ± 0.010 0.19 ± 0.088 6.7 0.04 ± 0.010 80.0± 10.0 0.66 1 1 1.13 2.00 4.0 ± 3.4 Youd et al. (1983)
River Park C · 0.97 ± 0.025 0.24 ± 0.031 6.7 0.15 ± 0.008 18.0± 3.0 0.86 1 1 1.13 1.68 20.2 ± 7.7 Youd et al. (1983)
Alameda BF Dike 760 0.95 ± 0.087 0.20 ± 0.034 7 0.28 ± 0.020 7.0± 2.0 0.94 1.3 1 0.92 1.03 42.6 ± 1.8 Mitchell et al. (1994)
Farris Farm
·
0.90± 0.020 0.28 ± 0.049 7 0.20 ± 0.020 8.0± 2.0 0.92 1 1 1.13 1.16 10.9 ± 2.5 Holzer et aI. (1994)
Hall Avenue
·
0.72 ± 0.013 0.08 ± 0.011 7 0.09 ± 0.010 30.0± 7.0 0.88 1.1 1 0.92 1.30 5.3 ± 3.7 Mitchell et al. (1994)
Marine Laboratory UC-Bl · 0.99 ± 0.011 0.20 ± 0.046 7 0.80 ± 0.050 3.0± 1.0 0.85 1 1 1.00 1.44 12.5 ± 0.9 Boulager et al. (1997)
MBARINO:3 EB-1
·
0.99 ± 0.007 0.18± 0.024 7 0.60 ± 0.100 1.0± 2.0 0.69 1 1 1.00 1.67 23.9 ± 3.5 Boulanger et al (1997)
MBARINO:3 EB-5 · 0.99 ± 0.007 0.24 ± 0.033 7 0.60 ± 0.100 1.0±2.0 0.86 1 1 1.00 1.44 18.7 ± 3.5 Boulanger et al. (1997)
Sandholdl UC-Bl0
·
0.99 ± 0.008 0.23 ± 0.032 7 0.80 ± 0.100 2.0± 2.0 0.79 1 1 1.25 1.73 16.1 ± 1.0 Boulanger et al. (1997)
MillerFarm · 0.84 ± 0.017 0.32± 0.043 7 0.16 ± 0.020 22.0± 3.0 0.92 1 1 1.13 1.20 10.0 ± 4.4 Holzer et al. (1994)
MillerFarm CMF10
·
0.88 ± 0.024 0.37 ± 0.056 7 0.15 ± 0.020 20.0± 3.0 0.99 1 1 1.13 1.16 24.0 ± 3.5 Bennett and nnsley (1995)
MillerFarm CMF3
·
0.83 ± 0.019 0.26 ± 0.041 7 0.12 ± 0.010 27.0± 5.0 0.94 1 1 1.13 1.05 11.6±4.1 Bennett and nnsley (1995)
MillerFarm CMF5 · 0.90 ± 0.016 0.29 ± 0.039 7 0.19 ± 0020 13.0± 2.0 0.95 1 1 1.13 1.02 21.9 ± 3.5 Bennett and nnsley (1995)
MillerFarm CMF8
·
0.73 ± 0.013 0.25 ± 0.032 7 0.20± 0.030 15.0± 2.0 0.94 1 1 1.13 1.08 10.3± 1.0 Bennett and nnsley (1995)
State Beach UC-Bl
·
0.95 ± 0.010 0.24 ± 0.032 7 0.26 ± 0.100 2.0± 2.0 0.79 1 1 1.25 1.72 8.5±1.6 Boulanger et al. (1997)
State Beach UC-B2
·
0.99 ± 0.013 0.21 ± 0.028 7 0.40 ± 0.100 1.0± 2.0 0.88 1 1 1.25 1.30 19.0 ± 2.5 Boulanger et al. (1997)
POO7-2
·
0.95 ± 0.018 0.17 ± 0.014 7 0.30 ± 0.030 3.0± 1.0 0.93 1.1 1 0.92 1.09 13.0 ± 3.1 Mitchell et af. (1994)
Table 3-6 : New Field Case History Data of Classes A, Band C as Developed for These Studies
Earthquake Site Liquefied? Data Class
Crlt.Dapth Critical Depth to
uo(pst) u'o (pst) am•• (g)Ranue (ft) Depth (ft) GWT(ft)
1989 Loma Prieta Mw=7 POO7-3 Yes B 19.7 - 23.0 21.3 9.8 ± 1.0 2452.4 ± 87.3 1735.9 ± 91.5 0.22 ± 0.010
1989 Loma Prieta Mw=7 POR-2&3&4 Yes A 13.1-19.0 16.1 11.5 ± 1.0 1388.1 ± 101.2 1102.4 ± 80.4 0.15±0.013
1989 Loma Prieta Mw=7 SFOBB-1&2 Yes A 18.0 - 23.0 20.5 9.8±1.0 2460.6 ± 118.0 1795.3± 101.8 0.27 ± 0.010
1989 Loma Prieta Mw=7 WoodMarine UC-B4 Yes B 3.3 - 8.2 5.7 3.3 ± 1.0 557.7 ± 83.8 404.2 ± 67.2 0.25 ± 0.025
1989 Loma Prieta Mw=7 Marine Laboratory UC-B2 Yes A 10.0 - 13.0 11.5 8.2 ± 1.0 1125.5 ± 64.1 919.7 ± 66.7 0.26 ± 0.025
1989 Loma Prieta Mw=7 Treasure Island Yes A 4.9 - 29.5 17.2 4.9 ± 2.0 1784.0 ± 434.0 1016.2 ± 215.7 0.18 ± 0.010
1990 Luzon Mw=7.6 Cereenan SI. B-12 No A 7.9 - 24.6 16.2 7.5± 1.0 1792.2 ± 324.1 1249.6 ± 162.4 0.25 ± 0.025
1990 Luzon Mw=7.6 Perez Blv. B-11 Yes A 13.1-34.4 23.8 7.5 ± 1.0 2659.9±415.1 1646.6 ± 206.9 0.25 ± 0.025
1993 Kushiro-Oki Mw=8 Kushiro Port Seismo SI. Yes B 62.3 - 72.2 67.3 5.2 ± 1.0 8018.4 ± 317.5 4149.1 ± 271.4 0.40 ± 0.040
1993 Kushiro-Oki Mw=8 Kushiro Port Site A Yes A 13.1-21.3 17.2 6.6 ± 1.0 1861.9± 158.6 1196.5 ± 100.2 0.40 ± 0.040
1993 Kushiro-Oki Mw=8 Kushiro Port Site D No B 24.6 - 45.9 35.3 5.2 ± 1.0 4179.8 ± 443.7 2306.6 ± 244.0 0.40 ± 0.040
1994 Northridge Mw-6.7 Balboa Blv. Unit C Yes A 27.1 - 32.0 29.5 23.6 ± 2.0 3336.6 ± 144.6 2968.1 ± 145.3 0.69 ± 0.060
1994 Northridge Mw=6.7 Malden Street Unit D Yes A 27.1 - 33.6 30.3 12.8 ± 1.0 3601.5 ± 162.7 2506.3 ± 120.3 0.51 ± 0.060
1994 Northridge Mw=6.7 Potrero Canyon C1 Yes A 19.7 - 23.0 21.3 10.8± 1.0 2503.3 ± 92.4 1848.2 ± 84.0 0.40 ± 0.040
1994 Northridge Mw=6.7 Wynne Ave. Unit C1 Yes A 18.9 - 22.1 20.5 14.1±1.0 2351.5 ± 93.5 1952.3 ± 85.2 0.54± 0.040
1995 Hyogoken-Nambu ML-7.2 Ashiyama A (Marine Sand) No A 22.6 - 29.5 26.1 11.5± 1.0 2957.7 ± 157.3 2046.7 ± 110.2 0.40 ± 0.050
1995 Hyogoken-Nambu ML=7.2 Ashiyama A (Mountain Sand 1) No A 11.5 - 22.6 17.1 11.5± 1.0 1847.1 ± 220.0 1499.1 ± 122.1 0.40 ± 0.050
1995 Hyogoken-Nambu ML=7.2 Ashiyama C-D-E (Marine Sand) Yes B 24.6 - 32.8 28.7 11.5 ± 1.0 3186.5 ± 178.0 2111.7 ± 121.5 0.40 ± 0.050
1995 Hyogoken-Nambu ML=7.2 Ashiyama C-O-E (Mountain Sand 2) Yes C 40.0 - 49.2 44.6 11.5 ± 1.0 5016.4 ± 225.3 2948.7 ± 170.0 0.40 ± 0.050
1995 Hyogoken-Nambu ML=7.2 Port Island Borehole Array Stalion Yes A 7.9-43.0 25.4 7.9 ± 1.0 3060.2 ± 735.5 1964.9 ± 377.2 0.34 ± 0.010
1995 Hyogoken-Nambu ML=7.2 Port Island Improved Site (Ikegaya) No A 16.4 - 39.4 27.9 16.4± 1.0 3239.8 ± 485.3 2523.3 ± 257.1 0.40 ± 0.040
1995 Hyogoken-Nambu ML=7.2 Port Island Improved Site (Tanahashi) No B 16.4 - 49.2 32.8 16.4±1.0 3855.0 ± 689.9 2831.4 ± 357.8 0.40 ± 0.040
1995 Hyogoken-Nambu ML=7.2 Port Island Improved Site (Watanabe) No A 16.4 - 45.9 31.2 16.4 ± 1.0 3649.9 ± 621.6 2728.7 ± 324.0 0.40 ± 0.040
1995 Hyogoken-Nambu ML=7.2 Port Island Site I Yes B 19.7 - 45.9 32.8 9.8 ± 1.0 3838.6 ± 534.5 2405.5 ± 276.1 0.34 ± 0.040
1995 Hyogoken-Nambu ML=7.2 Rokko Island Building D Yes A 13.1-36.1 24.6 13.1 ± 1.0 2878.9 ± 483.7 2162.4 ± 254.0 0.40 ± 0.050
1995 Hyogoken-Nambu ML=7.2 Rokko Island Site G Yes B 13.1 - 62.3 37.7 13.1 ± 1.0 4396.3 ± 990.6 2860.9 ± 488.3 0.34 ± 0.040
1995 Hyogoken-Nambu ML=7.2 Torishima Dike Yes A 9.8 - 21.3 15.6 0.0 ± 1.0 1714.2 ± 219.8 741.8 ± 122.2 0.25 ± 0.040
Table 3-6 : New Field Case History Data of Classes A, Band C as Developed for These Studies
Site "*•.40' (fps) rd CSR Equivalent 0 50 % Fines CR Cs CB Ce CN (N')60 ReferencesMa!'l.(Mw)
POO7-3
·
0.83 ± 0.018 0.16 ± 0.011 7 0.32 ± 0.020 5.0± 1.0 0.94 1.1 1 0.92 1.07 13.2 ± 4.1 Mitchell et al. (1994)
POR-2&3&4
·
0.71 ± 0.017 0.09± 0.010 7 0.09 ± 0.010 50.0± 5.0 0.89 1.1 1 0.92 1.35 3.8 ± 1.2 Mitchell et al. (1994)
SFOBB-1&2
·
0.77 ± 0.013 0.19 ± 0.010 7 0.28 ± 0.010 8.0± 3.0 0.93 1.2 1 0.92 1.06 8.1 ± 2.2 Mitchell et al. (1994)
WoodMarine UG-B4 · 0.99 ± 0.005 0.20 ± 0.043 7 0.10 ± 0.050 35.0± 5.0 0.72 1 1 1.00 2.00 9.7 ± 0.3 Boulanger et al. (1997)
Marine Laboratory UC-B2
·
0.99 ± 0.008 0.20 ± 0.024 7 0.50 ± 0.050 3.0± 1.0 0.83 1 1 1.00 1047 15.9 ± 3.5 Boulanger et al. (1997)
Treasure Island · 0.88 ± 0.012 0.16 ± 0.027 7 0.17 ± 0.030 20.0± 4.0 0.90 1.1 1 1.13 1040 7.6 ± 4.6 . De Albaet al., Ycud andShabl (1994)
Cereenan 51.B-12 610 0.91 ± 0.069 0.21 ± 0.032 7.6 0.20 ± 0.020 19.0±2.0 0.92 1 1 0.65 1.27 26.2 ± 5.3 Wakamatsu (1992)
Perez Blv. B-l1 610 0.82 ± 0.096 0.22 ± 0.035 7.6 0.20 ± 0.020 19.0± 2.0 0.98 1 1 0.65 1.10 14.0 ± 2.8 Wakamatsu (1992)
Kushiro Port Seismo SI. 670 0047 ± 0.149 0.23 ± 0.079 8 0.15 ± 0.070 10.0± 3.0 1.00 1 1 1.22 0.69 7.2 ± 1.9 lai et al. (1994)
Kushiro Port Site A 670 0.94± 0.073 0.38 ± 0.053 8 0.34 ± 0.070 2.0± 1.0 0.93 1 1 1.22 1.29 17.1±4.2 lai et al. (1994)
Kushiro Port Site 0 715 0.79 ± 0.134 0.37 ± 0.075 8 0.34 ± 0.070 o.oe 1.0 1.00 1 1 1.22 0.93 30.3 ± 3.6 lai et al. (1994)
Balboa Blv. Unit C · 0.71 ± 0.005 0.36 ± 0.035 6.7 0.11 ±0.020 43.0± 13.0 1.00 1 1 1.13 0.82 18.5±4.0 Bennett et al.(1998)
Malden Street Unit 0
·
0.70 ± 0.006 0.34 ± 0.040 6.7 0.25 ± 0.100 25.0± 5.0 1.00 1 1 1.13 0.89 2404 ± 2.7 Bennett et al. (1998)
Potrero Canyon C1 525 0.72 ± 0.087 0.25 ± 0.041 6.7 0.10±0.020 37.0± 5.0 0.94 1 1 1.13 1.04 10.5 ± 0.7 Bennett et al. (1998)
Wynne Ave. Unit C1
·
0.86 ± 0.040 0.35 ± 0.034 6.7 0.15 ± 0.100 38.0± 23.0 0.93 1 1 1.13 1.01 11.0±1.6 Bennett et al. (1998)
Ashiyama A (Marine Sand) 650 0.82 ± 0.104 0.31 ± 0.056 6.9 0.19 ± 0.025 2.0± 1.0 1.00 1 1 1.22 0.99 31.3 ± 5.9 Shibata et al. (1996)
Ashiyama A (Mountain Sand 1) 610 0.89 ± 0.072 0.29 ± 0.047 6.9 0.13 ± 0.025 18.0± 4.0 0.93 1 1 1.22 1.16 21.6 ± 7.1 Shibata et al. (1996)
Ashiyama C-D-E (Marine Sand) 560 0.64 ± 0.113 0.25 ± 0.055 6.9 0.19 ± 0.025 z.oa 1.0 1.00 1 1 1.22 0.97 12.9±3.1 Shibata et al. (1996)
Ashiyama C-D-E (Mountain Sand 2) 560 0041 ± 0.149 0.18 ± 0.070 6.9 0.13 ± 0.025 18.o±4.0 1.00 1 1 1.22 0.82 5.8 ± 2.8 Shibata et al. (1996)
Port Island Borehole Array Station 560 0.71 ± 0.101 0.24 ± 0.039 6.9 0.40 ± 0.200 20.0± 5.0 0.99 1 1 1.22 1.01 6.9 ± 1.7 Shibata et al. (1996)
Port Island Improved Site (Ikegaya) 660 0.8o±0.11o 0.27 ± 0.048 6.9 DAD ± 0.200 2o.0± 5.0 1.00 1 1 1.22 0.89 21.9 ± 4.1 Yasuda et al. (1996)
Port Island Improved Site (Tanahashi) 660 0.73 ± 0.126 0.26 ± 0.054 6.9 DAD ± 0.200 2o.0± 5.0 1.00 1 1 1.22 0.84 18.6 ± 3.3 Yasuda et al. (1996)
Port Island Improved Site (Watanabe) 730 0.84 ± 0.121 0.29 ± 0.054 6.9 DAD ± 0.200 2o.0± 5.0 1.00 1 1 1.22 0.86 32.2 ± 7.0 Yasuda et al. (1996)
Port Island Site I 620 0.67 ± 0.126 0.24 ± 0.053 6.9 DAD ± 0.200 20.0± 5.0 1.00 1 1 1.22 0.91 10.8 ± 1.8 Tokimatsu et al. (1996)
Rokko Island Building 0 700 0.89 ± 0.099 0.31 ± 0.055 6.9 0.80 ± 0.300 25.0± 5.0 0.99 1 1 1.22 0.96 17.1 ± 6.9 Tokimatsu et al. (1996)
Rokko Island Site G 620 0.59 ± 0.142 0.20 ± 0.055 6.9 DAD ± 0.200 20.0± 5.0 1.00 1 1 1.22 0.84 12.2 ± 3.5 Tokimatsu etal. (1996)
Torishima Dike 560 0.87 ± 0.067 0.33 ± 0.065 6.9 0.20 ± 0.100 20.0± 7.0 0.91 1 1 1.22 1.64 15.5 ± 3.5 Matsuo (1996)
Table 3-7 Field Case History Data Deleted form the Data Set of Seed, et al, (1984)
as Not Conforming to Class C or Better
Earthquake Site Liquefied? FC(%) (N )ID CSRN Explanation
1933 Long Beech M=6.3 Pier A No 25 B 0.1B5 OnglOaiboring log 1& nol gIVenIn the source docurnenl
1933 Long Beech M=6.3 Reservation Point No 2 B.5 0.125 Sourcedocument oould nOibe acceGlJed.
1957 Sen Pranceec M=5.3 Lake Merced Ve. 3 5.5 0.085 Oala pol.nl15above waLerlable at the Ume 01lhe earthquake. Ttl!
side is 51.........more than 30 dec eee
1967 Venezuele M=6.3 Source document could not be aexeslJed; The coUcal depth 15 3Ceraballeda Yes ? 3.5 0.07 where SF'Tvalues mav net be leallable
Not clear lithe erupUon is due 10llquefachon Ofaneetan conditions·
1891 Mlno-Owari M=7.9 Ogekl Yes 0 25.5 0.375 artesian conditions complicated the CaR estimatiON, PGA 1:1
estimated from Kawasumllnlenslly scale, poor PGA Info
1B91 Mlno·Owari M=7.9 Glnan Yes 5 12,5 0.33
1891 Mlno-Owari M=7.9 Unuma Yes 3 25 0.33 · .
1891 Mlno-Owari M=7.9 Ogsse Yes 4 17 0.29
1944 Tahnankal M=B.O Gina" Yes 5 12.5 0.33
.,
1923 Kania M=7.9 Arakawa 7 Ve. 10 11 0.17 Poor SeismiC Inlo PGA Is dlfficun 10 eeumate No re~ab!e PGinformation.
1923 Kania M=7.9 Arekewa 12 Yes 22 2.5 0.14 · .
1923 Kanlo M=7.9 Arekewa 21 Yes 1 20.5 0.24 · .
1923 Kanto M=7.9 Arekewa 30 Yes 5 16.5 0.23 · -
1923 Kania M=7.9 Arekawa 49 Yes/No 20 7 0.17 · .
Due 10 lhe liquefaction ct tne upper layer, the "nonliquefiecr laye
19-48Fukui M=7.3 Tekaya 2 No 2 40,5 0.385
might net have been IShakenas severely as the method aescmee
1948 Fukui M=7.3 Agricullurel Union. No 0 29 0.45 · .
Not a real eaee history dala, adopted Irom Or, Koizlmu's "cril.1caf"N·
1004 Nllgela M=7.3
General Ohsski Yes/No 0.182 12 value pial V5. depth plot aner 1964 Nilgata Earthquake
1976 Mlyaglken·Oki M=6.7 Ollri 2 No 4 9 0.115 Olin 2 Sile was nol menUoned in the referred c:Iocumen(
1978 Miyegiken-Oki M=7.4 Oiiri2 vee 4 9 0.22 Oiiri 2 Sile W25 not menlloned In the reilltreddocumenl.
Due 10 lhe liquefaction of (he upper layel, the "nonllquefle!f' laye
1979 Miyaglken-Okl M=7.4 Shioml2 No 10 12 0.21
mighl nat have been IShakenas severely .. (he method asaumes .
1960 Miyagiken-Okl M=7.4 Hlyori 5 No 5 26.5 0.22 ..
197B Miyagiken-Okl M=7.4 Sendalkou 1 No 0.22
Oala is summarized on Chart, Orlginal boring logs are not avaHabJe
11 20
1978 Mlyaglken-Okl M=7.4 Sendalkou 4 No 12 20.5 0.195 · .
1979 Imperial Velley M=6.6 River Park C Yes 16 0.24
SoHlayer above "layer C" has also fiqueOed OUOcu"10estimate
16 CSR
Cyclic TX·Tesl results on uczen eamptee were used to esumate Ih
1980 Mld-Chlbe M=6.1 Qwi-1 Ve.INa 13 7 0.135 level of shaking lhat will cause 5 % double amplll.Ude slraln level
0001 CSRbasis
1980 Mld·Chlbe M=6.1 Qwi-2 Yes/No 27 4 0.12 · .
1975 Halch.ng M=7.3 Shuanglaihe E. B. No Fine Sent
"
0.095 Obtained the source reference. However the data ISsummarized in
table; no specific borinR tOR Inlo was available
1975 Halcheng M=7.3 Shengilleng No Sand 11.5 0.09
1975 Halcheng M=7.3 L1gohe Ch. F. P. Yea Sand 6.5 0.1
1975 Halcheng M=7.3 Nanheyan Irr. s. Yes Sand 6,5 0.095
1975 Helcheng M=7.3 Shuiyuan Comm Yes Send 6 0.195
1975 Halcheng M=7,3 Ylngkou Gel. Yes Send 6 0.19
1976 Tanqshan M=7.6 Weigezhuang Yes Fine Sent 13.5 0.17 Obtained the source relerence. Howeverthe dala is sumrnanaedinlable; no specific borinR IOQ Info was available
1976 Ten9shan M=7.6 LUjiatuo Mine vee Fine Sand 4.5 00405
1976 Tengshan M=7.6 Ma Fang No 1 11.5 0.06 -
1976 Tangshen M=7.6 WangZhuang ves 2 12.5 0.21
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APPENDIX A
Field case history documentation for cases from the following earthquakes:
1977 Argentina Earthquake





1979 Imperial Valley Earthquake
1993 Kushiro-Oki Earthquake







1971 San Fernando Earthquake















Idriss et at, (1979)
Fear et al, (1995)
At several locations, the surface manifestation of liquefaction has been
observed in association with abandoned fluvial deposits
The boreholes were drilled at Dept. of Caucete in the Barrio Justo P. Castro,
newly constructed single family stucco homes. The borehole is located
northeast of Crevasse.
Ground response analyses were performed based on generalized soil profile:
0-700 ft : sand with lenses of.sllt and clay
700-1400 ft : gravel
>1400 ft: limestone, claystone and sand stone
Shear moduli values were estimated from SPT values; Borehole1,3&6 and 2,4&5
were grouped for the analyses.
The drainage was prevented at the surface by the clay layer.
PGA record was made available by INPRES in San Juan and corrected by USGS.
A PGA of 0.187 g was recorded at the seismographic station which
was located within 10 km of the study area.
Average unit weight of soil was estimated as 110 pcf.
Estimated rod energy was 45%.
N values were back calculated from N1 plots by using above summarized info.
Summary of Data
This Study Seed et al (84) This Study Seed et al
Liquefied? Yes Yes 050 0.140± 0.050 0.15
Data Class B % Fines 20.0 ± 3.0 20
Critical Depth Range 26.0 - 28.0 27 %PI
Depth to GWT (ft) 15.0 15
crv(psf) 2745.0 ± 86.4 2970 N 9.0 ±2.0 9
cry' (psf) 1996.2 ± 91.7 2220 CR 0.98 Iamax (g) 0.200 ± 0.015 0.2 Cs 1rd 0.78 ± 0.107 0.94 Cs 1CSR 0.139 ± 0.022 0.165 CE 0.75 0.75
Equivalent Magnitude 7.4 CN 1.00 0.95
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IDepth (mj] Depth (ft) I CSR I N I eN CR I (N1)60
I 8.2 I 26.9 10.1391 9 I 1.00 0.98 I 6.7
Mean: 6.7











Ground response analyses were peITprrnEldbased on generalized soil profile:
0-700 ft: sand with lenses of silt and clay
700-1400ft : g@el
>1400 ft :limeston:,c1aystone.a.~d sand stone
Shear moduli yalues'.V:te:stimated from SPT values; Borehole1,3&6 and 2,4&5
were grouped for the analyses.
The drainage was prevented at the surface by the clay layer.
PGA record was made available by INPRES in San Juan and corrected by USGS.
A PGA of 0.187 g was recorded at the subject seismographic station which
was located within 10 km of the study area.
Average unit Vileight of soil was estimated.as 110 pet.
Estimated rodenergywas 45%























































Depth (m) Depth (tt) CSR N CN CR (N1)60
10.2 33.5 0.104 11 0.88 1.00 7.3
11.6 38.1 0.100 10 0.85 1.00 6.4














Idriss et al. (1979)
Fear et al. (1995)
There is no surface evidence of liquefaction
The borehole is located in the Dept. of 9 de Julio in the Finca Delta; It is at the
corner of vineyard.
Ground response analyses were performed based on generalized soil profile:
0-700 ft: .s.anq .....,itbJenses..of.siltand clay
700-1400 ft: gravel
>1400ft: lim§stone,Claystorie and sand stone
Shear moduli valp~s.....,~we7timated from SPT values; 80rehole1,3&6 and 2,4&5
were grouped for the analyses.
PGA record was made available by INPRES in San Juan and corrected by USGS.
A PGA of 0.187 g was recorded at the seismographic station which
was located within 10 km of the study area.
Average unit weight of soil was estimated as 110 pet.
Estimated rod energy was 45%
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Depth (m) Depth (tt) CSR N CN CR (N1)60
2.3 7.5 0.177 14 1.91 0.76 15.3














Idriss et al. (1979)
Fear et al. (1995)
No apparent damage at nearby structures; no sand boils or other surface
evidence of liquefaction.
The borehole was located in the Dept. of 9 de Julio in the Finca La Portia about
1.5 km east of route 20.
It was drilled near the center of an old filled-in tributary channel.
Ground response analyses were performed based on generalized soil profile:
0-700 tt : sand with I.ensespfsilt.and clay
700-1400 tt : gravel
>1400 tt: limestone, c1aystonealld sand stone
Shear moduli values were estimated from SPT values; 80rehole1,3&6 and 2,4&5
were grouped for the analyses.
PGA record was made available by INPRES in San Juan and corrected by USGS.
A PGA of 0.187 g was recorded at the subject seismographic station which
was located within 10 km of the study area.
Average unit weight of soil was estimated as 110 pcf.
Estimated rod ellergy was 45%
























Seed et ai (84) This Study Seed et al
No D50 0.240 ± 0.025 0.24
% Fines ±1.0 3
10 %
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0.155 CE 0.75 0.75
CN 1.58 1.44
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Depth (m) Depth (ft) CSR N CN CR (N1)60
2.3 7.5 0.134 15 1.70 0.76 14.6














Idriss et al. (1979)
Fear et al. (1995)
Nearby structures were damaged; sand boils; stairWaycollaps13d, concrete
posts were sheared off.
The borehole is located in the Dept. of 25 de Mayo at the Finca Santiago
adjacent to La Plata Highway.
Ground response analyses w~reperfprmed based on generalized soil profile:
0-700 ft: sand with lenses of silt and clay
700-1400 ft : gravel
>1400 ft: limestone, claystone and sl:ind stone
Shear moduli values were estimated from SPT values; Borehole1 ,3&6 and 2,4&5
were grouped for the anayses.
PGA record was made available by INPRES in San Juan and corrected by USGS.
A PGA of 0.187 g was recorded at the seismographic station which
was located within 10 km of the study area.
Average unit weight of soil was estimated as 1.1.0 pcf.
Estimated rod energy was 45%
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Depth (m) Depth (ft) CSR N CN CR (N1)60
4 13.1 0.186 6 1.51 0.85 5.8





sOlJthelrnpartolfthl3.Saltcm Basin, which was
northward extenston the Gulf of
California. The basin is uncj~r1ain by as much of Tertiary and
Quaternarym~rip~l and lacustrine sedlmant Holocenesediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers alongwhich many sand boils
were developed on fluvialdeposits.
A: verypoorlysorted, soft brown clay and silt-floodplain deposit
B: brown, loose to med.dense silt to fine sand-sediment at base is well sorted
very fine sand finingupwards to poorlysortedsilt-channel deposit
C: verystiff brown clayey silt to clay-lacustrine
0: med dense sand
PGAwas recorded at the surface and at 6.7 m depth of Wildlife site as 0.126 and
0.077grespectively. The epicentral distance is -25 km sligthlyfurther than
Wildlife site.Theearthquake is very poorlymonitored. Onlyone seismogram is
available. Andrus and Stoke(NCEER, 97) predictedthe PGAat the site as
0.11 g.A PGA of 0.09 g was adopted for these studies.














































Depth (m) Depth (tt) CSR N CN CR (N1)60
3.3 10.8 0.072 2 1.66 0.82 3.1






"l..iC1LJe'fa.cl:ion dUlring the 1981 and
PreviolJs Ei3rthqLJElke!, NE~ar'WestmQrIElnd, CA"OrlenFile Rep. 84-680
pressureratios exceeding 1 nor surface
evidence ofliquefa.ction.
Imperial Valley lies in the southern part of the Salton Basin, whichwas
by northward extension of the crustal riftingthat openedthe Gulf of
California. The basin is underlain by as rrlUch as 20,000 ft of Tertiaryand
Ouaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The site is very closelymonitored. Strong groundmotionseismometers are
available at the surfaceand at 6.7 m depth. Piezometers were installed
almost at everymeter depthalongthe potentially l.iquefiable layerof
thickness 4 m.
A: very looseand verysoft interbedded micaceoussandysilt, silt and clayey
silts (0-2.5m) flood plaindeposits
B: very looseto loose moderately sorted sandysilt (2.5-6.8m); point bar deposits
C: silty clay(medium to verystiff) and clayeysilt (medium to stiff); lacustrine
deposit.
PGAwas recorded at the surface and at6.7 m depthas 0.126 and O.077g.






























































Depth (m) Depth (ft) CSR N CN CR (N1)60
2.75 9.0 0.106 4 2.00 0.79 7.2
3.35 11.0 0.110 5 1.87 0.82 8.7
3.6 11.8 0.111 5 1.82 0.83 8.6
4.3 14.1 0.112 11 1.71 0.86 18.4
4.45 14.6 0.112 13 1.68 0.87 21.6
5.3 17.4 0.110 10 1.57 0.90 16,0














Hamada et al (1989)
"... eruption of water and sand volcanoes were quite promonent, and the main
building of the temple settled 0.30 mil
The epicenter of the earthquake is located 5 kms east of Fukui City.
The seismic intensity of shaking was estimated as JMAIS V-VI, A PGA value
of OAg W?§ adopted py S.e~d.et al(84)
Shonenji Temple and Agricultural Union are 500 m
Kishida (1969) predicted the critical zone to be from 1-4 m based on:
Effective overburden pressure<2.0 kg/cm2
Dr<75%
Saturated coarse grained soil with Uc<10 and 0.074mm<D50<2.0 mm
SPT enerov was estimated as 70 % by Seed etal. (84)
Summary of Data
ThisStl.Jdl,i Seed et al (84) This Study Seed et al
Liquefied? Yes Yes 0 50 00400 ± 0.030 0045
Data Class B % Fines 0,0 ± 0.0 0
Critical Depth Range 3,9 - 18,0 13 %PI
Depth to GWT (ft) 3.9 ± 1,0 4
crv(psf) 1110.4 ± 249.0 1560 N 3.8 ± 1.3 8
crv' (psf) 672.8 ± 117.5 1000 CR 0,86
amax (g) 00400 ± 0.120 0.4 Cs 1
rd 0.95± 0,055 0,97 Cs 1
CSR 00406 ±0,133 0.395 Ce 1.17 1,17
Equivalent Magnitude 7.3 CN 1.72 1.37
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Depth (m) Depth (ft) CSR N CN CR (N1)60
1.0 3.3 NA 2 2.00 0.73 3.4
1.8 5.7 0.318 5 2.00 0.78 9.1
2.5 8.2 0.371 3 1.90 0.82 5.5
3.3 10.7 0.404 3 1.74 0.86 5.2
4.0 13.1 0.423 8 1.62 0.89 13.4
4.8 15.6 0.432 18 1.52 0.91 29.1













Hamada et al (1
Sand volcanoes
The. epicenter of the ARrthnIIR~:A I::; IU~;i:llt:U
The seismic int",.nc,j·h, 01: shlakingiseistilTlateid
0.35 9 was adopted
A paddy place, quickly draining.
Takaya 2 and 45 are approximately parallelto Kuzuryu river.
Kishid Cl (1969) predicted the critical zone to be.frorn 2-13 m based on:
SffTptive overburden pressure<2.0 kg/cm2
8r'$0~~
~~tYf~ted coarse grained soil with Uc<10 and 0.074mm<Dso<2.0 mm
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20 ZflI(l eeauw SAND
22 FINE lIIAIlDZ2&O
24 CLAYEY lilLT
26 2 FINE llANO
28 Z
NElll\-"t SM«l
m ciIlAVEL m SAHl)~ SILT~ CLAY
(I) TAKAYA TOWN 45- 35
Depth (m) Depth (ft) CSR N CN CR (N1 )60
1.3 4.1 NA 1 2.00 0.75 2.0
2.3 7.4 NA 3 1.69 0.81
3.3 10.7 NA 9 1.41 0.86 14.1
4.0 13.1 0.223 12 1.28 0.89 1.7.8
5.0 16.4 0.246 14 1.20 0.92 20.1
6.0 19.7 0.259 19 1.13 0.95 26.6
7.0 23.0 0.263 19 1.08 0.98 25.9
8.0 26.2 00261 16 1.03 1.00 21.3
9.0 29.5 0.254 22 0.98 1.00 28.1
10.0 32.8 0.243 15 0.94 1.00 18.4
11.0 36.1 0.230 17 0.91 1.00 20.1
















SUbsid~PF~and f100dingpfbeach areas,severe ground9racking sizesup to
severalrneters. Severe damageto houses, numeroussapdboils an(j lateral
spreadipgooinduced structural damages. Sf<pulsion of 0?Casional piecesof
of pumi~.rangin~fromsmall gray~1 to cobblesizestogetherwith sand boil.
Thesit~s~r~ located on cjeltaic. depositnear the mouthof a small river, Rio
Villalobo~fltthe settlement of La Playa on the north-east shoreof Lake
Amatitlan.The generalareabehind the shoreline is quite flat with the. ground
sloping gentlyup about2 degs. awayfrom the lake.
Borehole is located in the midst of the highlyliquefied zone.
Two test pits were dug to a depthof - 5' on the levelground40' from the beach
Theseshowed the upper4' of soil to be pumicesand underlain by a thin layer of
densefibrous peats and organicsilt. Two fielddensitytest in the pumice sand
revealed that it had wet and dry densities ranging from 55.5-61.5 and 35.5-39.4
pcf. respectively. Light-weight pumicesand at all boringlocations was located
abovewater table and was not itself theJayer of liquefaction.
The epicenterwas located .....170. kmsnorth-eastfromLake.f\n1Eltitlan
However, north terminus of the fault is only40 kms away. fromthe lake.
The Modifi.edMercalii Intensity of shaking at the site is highVI or low. VII. Based
on correlations, PGAwas estimated as. 0.12-0.15 g. Thisestimati.Rpwas checked
byth~/levl3lof damageat nearbystructures. Also attenuation relationships
F8n.nrrn~g/the range. Based on seismoscope records, USGSpre.gi.pted the PGA
~t(fl~.it~/....(~5km from the causative fault as 0.25g. Calibr~ting th~/attenuation
r~I.~ti9P~pips with this infClITTlation,pgJ\at the site is predicted as8..15 g.
h9F~Ifv113~pitude saturates atmagnitude7. Thus, it is hard to estirn~te the
.rppm~DtTl'l.agnitudeJor the earthquake-: Howeverbasedon the r~FWded motion
aD9(~n~8uation relationships, moment magnitUde is back calculatEld as 7-8.2.
RPP~i~P9 pulleysystem (2 turns of the rope aroundthe pulley) was used.
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nt II IOIfJ1illlli1 Alii ,uu nn
Depth (m) Depth (ft) CSR N CN CR (N1)60
4.1 13.5 0.132 3 1.94 0.86 3.7
5.65 18.5 0.128 6 1.72 0.91 7.1
7.2 23.6 0.117 5 1.57 0.96 5.6
8.7 28.5 0.106 3 1.45 1.00 3.3
10.2 33.5 0.098 4 1.36 1.00 4.1
11.75 38.5 0.092 6 1.28 1.00 5.7
13.3 43.6 0.088 5 1.21 1.00 4.5












Seed et al. (1979)
Right at the boundary of zone of moderate UliqLlefalcticm to norlliquef'aclion
Comments:
·nf I'l~t~
The siles are located on deltaic deposits near mouth of a small river, Rio
Villalobos atthe settlement of La.Playa on the n~rth-east shore of Lake
Amatitlan.The general area behind the shoreline.is quite flat with the ground
sloping gently up about 2 degs away from the lake.
Two test pits were dug 10a depth of - 5' on the level ground 40' from the beach
These showed the upper 4' of soil to be pumice sand underlain by a thin layer of
dense fibrous peats and organic silt. Two field density test in the pumice sand
revealed that it had wet and dry densities ranging from 55.5-61.5 and 35.5-39.4
pcf. respectively. Light-weight pumice sand at all boring locations was located
above water table and was not itself the layer of liquefaction.
The epicenter was located ...170 kmsnorth-east frOm Lake Am~titlan
However, northlerminus ofthe faultisonly 40 krns away from the lake..
The Modified Mercalli Intensity of shaking at the site is higgVlor low VII-Based
on correlations, PGA was estimated as 0.12-0.15g. Thi~E:lstimationwas checked
by thelE:l¥f3lgfdamage at the nearby structures. Also attenuation relationships
confirmE:l.d.mf3.ra~ge. Based on seismqscope records, USGS predicted the PGA
at a sit7"3!i.km from the causative fault as 0.25 ..9.palibratingthe attenuation
relationships with this inform~tion, PGA at jhe sitewas predicted.as 0.15.g .
.Local Magnitude satur~tesatmagnitude7. Thus,it is hard to estimate the.
moment magnitude for the earthquake. However based on the recorded motion
and attenuation relationships, moment magnitude is back calculated as 7"8.2.
Rope and pulley system (2 tums of the rope around the pulley) was used.
Estimated rod energy is 45%. SPT values were taken after the earthquake.
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Depth (m) Depth (ft) CSR N CN CR (N1)60
2.9 9.5 0.089 8 1.96 0.72 8.5
4.6 15.1 0.108 9 1.72 0.82 9.6














Seed et al. (1979)
Located at the "no apparentliquefaction" zone
The sites are located on deltaicdepositnear the mouth river,Rio
Villalobos at the settlement of La Playa on the north-east shoreof Lake
Amatillan.The general areabehind the shoreline Is quiteflat with the ground
sloping gentlyup about2 degs away from the lake.
Two testpitswere dug to a depth of - 5' on the levelground 40' from thebeach
Theseshowed the upper4' of soil to be pumice sand underlain by a thin layerof
densefibrous peatsand organic silt. Twofield densitytest in the pumicesand
showed that it had wet anddry densities ranging from 55.5-61.5 and 35.5-39.4
pet respectively. Light-weight pumice sand at all boring locations was located
above watertable andwas not Itselfthe layerof liquefaction.
The epicenter was located -170 kms north-east from LakeAmatitlan
However, northterminus of the faUlt is only40 kms awayfrom the lake.
The Modified Mercalllintensityof shaking at the site is highVI or lowVII. 8ased
on the correiations, PGAwasestimated as 0.12-0.15 g. Thisestimation was checked
by the levelof damageat the nearby structures. Also attenuation relationships
confirmed the range. Based on seismoscope records, USGS predicted the PGA
at a site - 25 km from the causative fault as 0.25 g. Calibrating the attenuation
relationships with this information, PGAat the site Is predicted as 0.15 g.
LocalMagnitude saturates at magnitude 7. Thus, It is hard to estimate the
momentmagnitude for theearthquake. However basedon the recorded motion
and attenuation relationships, momentmagnitude is back calculated as 7-8.2.
Rope andpUlley system (2 turnsof the rope around the pulley) was used.
Estimated rodenergyis 45%. SPTvalues were taken after the earthquake.






















































































Depth (m) Depth (tt) CSR N CN CR (Ni)ao
7.3 24.0 0.094 16 1,40 0.96 16.2
7.6 25.0 0.093 14 1.38 0.97 14.1
8.8 29.0 0.089 14 1.31 1.00 13.8
9,4 31.0 0.087 16 1.28 1.00 15.4
10.8 35.5 0.083 16 1.22 1.00 14.7
11.9 39.0 0.081 12 1.18 1.00 10.6
13.7 45.0 0.078 17 1.12 1.00 14.3
14.9 49.0 0.077 11 1.08 1.00 8.9
15.2 50.0 0.077 12 1..07 1.00 9.7
16.8 55.0 0.077 12 1.03 1.00 9.3
18.0 59.0 0.077 11 1.00 1.00 8.3
19.8 65.0 0.078 17 0.96 1.00 12.3


























Panjin Chemical Fertilizer Plant
Shengcong et al (1983)
Fear et al. (1995)
Liquefied site
Extensive sand boils and sand volcanoes were seen in the NW part of the region
of 7th grade seismic intensity.
This sitewas located in the NW part of the region and shaken by 7th grade
on Chinese intensity s?ale.. (corresponds toJMA scale of 4-5). It is located
mainly in flood plain; top clayey layer -2.6 m thick and underlain by
liquefaction susceptible silly sand or fine sand> 2m thick.
At the moment of Haicheng EQ, the surface clayey soil layers were frozen at
many sites.
A 65.m high reinforced concrete tower on 17 m reinforced concrete
piles was not damaged- its walls cracked due to differential settlement of the
ground.
There was almost no liquefaction near the epicenter of he EQ.
PGA was estimated as >0.1 g


































































Depth (m) Depth (ft) CSR N CN CR (N1)60
3.5 11.5 0.124 6.0 1.63 0.87 7.1
6.5 21.3 0.136 6.0 1.31 0.96 6.3
7.5 24.6 0.133 13.0 1.24 0.99 13.2
8.5 27.9 0.128 8.0 1.17 1.00 7.8
9.5 31.2 0.122 9.0 1.12 1.00 8.4
10.5 34.4 0.115 11.0 1.08 1.00 9.9
11.5 37.7 0.109 10.0 1.03 1.00 8.6













Shuang Tai Zi River
Shengcong et al (1
Fear et al. (1995)
Non-liquefied site
nnrTn_, ...est of the grade
Summary of Data
Shuang Tai Zi River siteis
on the Chineseintensity scale.
Thin top clayeylayerswere underlain
potentially liquifiable siltynne-sane
At the momentof the EQ, the
sites.
PGAwas estimated as >0.1 9

































































































o 10 20 30 40
0.0 .,.-11--'"-.,--.,...,
y.=105±4 pef
Depth (m) Depth (ft) CSR N CN CR (N1)60
3.0 9.8 0.090 4.0 1,71 0.85 5.8
4.0 13.1 0.099 3.0 1.56 0.89 4.2
6.0 19.7 0.105 7.0 1.35 0.95 9.0
7.0 23.0 0.104 11.0 1.27 0.98 13.6
8.0 26.2 0.101 10.0 1.20 1.00 12.0
9.0 29.5 0.097 8.0 1.15 1.00 9.2
10.0 32.8 0.092 10.0 1.10 1.00 11.0













Yingkou Glass Fibre Piant
Shengcong et al(1983)




Yingkou Glass Fibre Plant~iteJs locatediin the west of epicenter, in the 9th grade
on the Chinese intem;ityscale,irl.lhezone.of slight liquefaction.
Thin top clayey layers were underlain by greater than 2 m thick
potentially liquefiable silty fine sand layers.
At the moment of the EQ, the surface clayey soil layers were frozen at many
sites.
PGA was estimated as >0.1 9






















































10 20 30 40
eSR
0.1 0.2 0.4
pepth (m Depth (ft CSR N CN C~ N160
3.5 11.5 0.188 8.0 1.60 0.87 11.1
5.0 16.4 0.201 12.0 1.40 0.92 15.5
7.0 23.0 0.200 13.0 1.23 0.98 15.6
8.5 27.9 0.189 12.0 1.13 1.00 13.6
10.5 34.4 0.168 18.0 1.03 1.00 18.6















Shengcong et al (1983)
Fear et al. (1995)
Liquefied
Yingkou Paper Plant site is located in the 9th grade
on the Chinese intensity scale, in the zone of slight liquefaction.
Thin top clayey layers were underlain by greater than 2 m thick
potentially liquefiablesilty fine sand layers.
At themoment of the EQ, the surface clayey soil layers were frozen at many
sites.
PGA was estimated as >0.1 g





















































40.0-1 L _( _ J.
I I t I
I J j t
0.0 0.' 0.2 0.4
0.0 r--,.....-.,.--M
Jepth (m Depth (ft CSR N CN CR (N1)60
3.5 11.5 0.185 6.0 1.63 0.87 8.5
4.5 14.8 0.195 11.0 1.50 0.90 14.9
5.5 18.0 0.197 4.0 1.39 0.94 5.2
6.5 21.3 0.194 10.0 1.31 0.96 12.6
8.0 26.2 0.183 14.0 1.20 1.00 16.9
9.3 30.3 0.169 12.0 1.13 1.00 13.6
















From the cracksin roads,building found.ations, ancj.aroundytllitypoles,
massivearnopnts ofsa.ndwere ejected.Many two-storyhousesmt7d and
settleddifferentially. However, this site is located in the non-liquefied zone.
On January 17. 1995, an earthquakeof magnitude7.2 (RichterscaIe) struck the
southernpart of HyogoPrefecture, Sand boils and liquefied, ejectedsoil were
observed at numeroussites, mainly In the90astal areas of Hyogo and Osaka
Pre.fectures. In particular, massive liquefaction was observedon man-made
islandsandinl.and areas with highgroundwater tables.
The island known as Ashiyahama was reclamed by HyogoPrefecture
using mainlyMasado, weathered and decomposed low plasticity, low cohesion,
high permeability, erodiblegranite.The reclamation of Ashiyahama began in
19.69 and completed in 1975.An alluvial clay h.ilyer of 3-5 m in thicknesswas
deposited jusfbeneath the old sea level, and tbe total thickness of the
reclarnation is 13-15m. The fill materialu~7d was mainly debris from
mountainside construction sites, but al~p rnarin.7.sandl~yer having an N value
ofR!O.E3~ist~~bout5 m below the groU?~)~M~~~T' The erupted sand has the
ch.ClrCl8t7ri~tipsiofmarine sand layer. )//ii) .: .
InthE3yicinityof the site, PGAwas recordedas 0.3-0.4 g at liquefied sites and
0.6-0..8g at non-liquefied sites.The PGA value ofO.326g,was recordedat
Uoza~ihama, which is 2-3 km south-westof ,A.shiyahama. A PGAvalue of














































o 10 20 30 40
0.0 t--r"--t-~
Depth (m Depth (ft CSR N CN CR (N1 )60
3.6 11.8 0.254 9.0 1.28 0.87 12.2
4.3 13.9 0.274 10.0 1.22 0.90 13.3
5.0 16.4 0.291 33.0 1.16 0.92 42.9
5.4 17.7 0.297 20.0 1.13 0.93 25.7
6.3 20.7 0.307 20.0 1.07 0.96 25.1
7.2 23.6 0.309 30.0 1.02 0.98 36.7
8.1 26.6 0.306 27.0 0.98 1.00 32.3
9.0 29.5 0.298 20.0 0.94 1.00 23.0
10.0 32.8 0.286 14.0 0.91 1.00 15.4
10.3 33.8 0.281 7.0 0.90 1.00 7.6
11.4 37.4 0.263 11.0 0.86 1.00 11.5












(Ri,~ht,>r c.f"",I",\ struck the
southarn part of Hyogo Prefecture. Sand boils and ejected soil were
observed art numerous sites, mainly in the coastal areas of Hyogo and Osaka
Prefectures. In particular, massi"eliquefaction was observed on man-made
islands and inland.areas with high ground water tables.
The reclaimed island known as Ashiyahama was reclamed by Hyogo Prefecture
using mainly Masado, weathered and decomposed low plasticity, low cohesion,
high perTlleability,erpdible granite. TRe reclamation of Ashiyahama began in
1969 and completed in 1975. An alluVi~1 clay layer of 3-5 m in thickness was
deposit~gjH~t9~n~iaththe old s~~I~y~l, and the total thickness of the
reclam~ti8rLi~/1:37n~ m. The fiIlJTl~tElr'~lused was mainly debris from
mount~mfidesppstruction sites,p~t~lfo a marille sand layer having an N value
of -1 Oexi~ts about 5 mbelow the ground surface. The erupted sand has the
characterjstics of marine sand layer.
In the vicipity of the site, PGA was recorded as 0.3-0.4g at liquefied sites and
0.6-0.8 g ~t non-liquefied sites.The PGA value of 0.326g, was recorded at
Uozakihama, whichis 2-3 km south-wes.! of Ashiyahama. A PGA value of 0.4 g















































0.0 0.1 0.2 0.4
I ,
45.0'---~
pepth (m Depth (ft CSR 1\1 CN CR (1\11 )60
3.6 11.8 0.249 9.0 1.28 0.87 12.2
4.3 13.9 0.268 10.0 1.22 0.90 13.3
5.0 16.4 0.283 33.0 1.17 0.92 43.2
5.4 17.7 0.289 20.0 1.14 0.93 25.9
6.3 20.7 0.296 20.0 1.09 0.96 25.4
7.2 23.6 0.295 30.0 1.04 0.98 37.3
8.1 26.6 0.290 27.0 1.00 1.00 32.9
9.0 29.5 0.279 20.0 0.96 1.00 23.4
10.0 32.8 0.264 14.0 0.93 1.00 15.8
10.3 33.8 0.260 7.0 0.92 1.00 7.8
11.4 37.4 0.241 11.0 0.88 1.00 11.8














Ashiyama E (Marine Sand)
Shibata et al.(1996)
From thElcrapksin roads, bUilding foundations, and around utility poles,
massivearnoynts ofsand were ejected. Many two-story houses tilted and
settled differentially.
On January 1.7, 1995, an earthquake of magnitude 7.2 (Richter scale) struck the
southern part ofHyopoPrefecture. Sand boils and liquefied, ejected soil were
observed at numerous sites, mainly in the coastal areas of Hyogo and Osaka
Prefectures . .Inparticular, massive liquefaction ""CIS ?bserved on man-made
islands and inland areas with high ground water tables.
The reclaimed island known as Ashiyahama was reclamed by Hyogo Prefecture
using mainly Masado, weathered and decomposed low plasticity, low cohesion,
high permeability, erodible granite. The reclamation of Ashiyahama began in
1969 and completed in 1975. An alluvial clay layer of 3-5 m in thickness was
deposited just beneath the old sea level, and the total thickness of the
reclamation is 13-15 m. The fill material used was mainly debris from
mountainside construction sites, but also a marine sand layer having an N value
of-10 exists about 5 m below the ground surface. The erupted sand has the
characteristics of marine sand layer.
In the vicinity of the site, PGA was recorded as 0.3-0Ag at liquefied sites and
0.6-0.8 9 at non-liquefied sites. The PGA value of 0.326g, was recorded at
Uoza.kiHama, which is 2-3 kmsouthTwest of Ashiyahama. A PGA value of


























































5.0 -, - - I"
I
10.0 -
40.0 - ,- -
I
45.0 -
bepth (m Depth (ft CSR N CN CR (N1)60
7.5 24.6 0.268 10.0 1.03 0.99 12.4
7.6 24.9 0.267 13.0 1.02 0.99 16.0
8.8 28.7 0.252 12.0 0.97 1.00 14.2
8.8 28.9 0.251 10.0 0.97 1.00 11.8
8.8 28.9 0.251 7.0 0.97 1.00 8.3
9.8 32.2 0.235 14.0 0.93 1.00 15.9
10.0 32.8 0.232 14.0 0.93 1.00 15.8





















Ashiyama C&D&E (Mountain Sand 2)
Shibata et al.(1996)
From the cracks in roads, building foundations, and around utility poles,
massive amounts of sand were ejected. Many two-story houses tilted and
settled differentially.
On Jahuary17, 1995,anearthquake of magnitude 7.2 (Richter scale ) struck the
southern part of HyogoPrefecture. Sand boils and liquefied, ejected soil were
observed art numerous§ites, mainly in the coastal areas of Hyogq and Osaka
Prefectures. In particular, massive liquefaction was observed on man-made
islands and inland areas with high ground water tables.
The island known as Ashiyahama was reclaimed by Hyogo Prefecture
using mainlyMasado, weathered and decomposed low plasticity, low cohesion,
high permeability, erodible granite. The reclamation of Ashiyahama began in
1969 and completed in 1975. An alluvial cl~y laYElr of 3-5 m in thickness was
deposited just beneath the old sea level, and the total thickness of the
reclamation is 13-15 m. The fill material usedwas mainly debris from
mountainside construction sites, but also arnerme sand layer having an N value
of -10 exists about 5 m below the ground surface. The erupted sand has the
characteristics of marine sand layer.
In the vicinity of the site, PGA was recorded as 0.3-0.4g at liquefied sites and
0.6-0.~g~tnoq-li.quefied sites. The. PGA yalue of 0.326g,recorded at
UozakiharTl~..\ybic::h is 2-3 km soutP-'I'I'Elstpf Ashiyahama. A PGA value of






































Jepth (m Depth (ft CSR N CN CR (N1)60
11.5 37.7 0.208 7.0 0.88 1.00 7.5
13.7 44.9 0.181 9.0 0.82 1.00 9.0
12.5 41.0 0.194 7.0 0.85 1.00 7.3
12.8 42.0 0.191 6.0 0.84 1.00 6.2
13.9 45.6 0.179 2.0 0.82 1.00 2.0
14.3 46.9 0.176 5.0 0,81 1.00 4.9




















Port IslandBorehole Array Site
Shibata et al.(1996)
Densification after earthquake, porf.! pressure increase, change frequency
contentof the strongmotion recordings at depthsOand 16m. Liquefied.
On January17, 1995, an earthquake of magnitude 7.2 (Richterscale) struck the
southern part of HyogoPrefecture. Sand boils and liquefied, ejectedsoil were
observed art numerous sites, mainly in the coastalareas of Hyogoand Osaka
Prefectures. In particular, massive liquefaction was observed on man-made
islandsand in inlandareas with high groundwater tables.
The entire area of the first stage reclaimed land for Port Islandand the northern
area of Rokko Islandwere filled mainlywith Masado.The first stage reclamation
of Port Islandwas carried out at its northernpart of the island from 1966-1980.
Rokko Iisandwas constructed from 1972to 1990.The secondstage reclamation
of Port Islandstarted in 1986and wouldbe finishedby 1996.
Masado is a weathered and decomposed lowplasticity, low cohesion,
highpermeability, erodible granite. It is a sandysoil with much gravel, silt and
clay. The mean graindiameter is mostly0.2-6 mm. The contents of gravel and
fines are about0-65 % and 5-35 % respectively.
PGAwas recorded as 0.34g at the site. Based on the recordings, it became
apparentthat the site has liquefiedbefore 6th second. Also the liquefiedlayer
was estimated at depths0-16 m.






















































Depth (m Depth.Ift CSR N CN CR (N1)60
2.1 6.9 NA 5.0 1.62 0.80 7.9
3.1 10.2 0.236 7.0 1.41 0.85 10.2
4.1 13.5 0.255 3.0 1.28 0.89 4.2
5.1 16.7 0.263 3.0 1.19 0.92 4.0
6.1 20.0 0.261 5.0 1.11 0.95 6.4
7.1 23.3 0.252 6.0 1.05 0.98 7.5
8.1 26.6 0.239 5.0 0.99 1.00 6.0
9.1 29.9 0.223 6.0 0.94 1.00 6.9
10.1 33.1 0.206 7.0 0.90 1.00 7.7
11.1 36.4 0.191 6.0 0.87 1.00 6.3
12.1 39.7 0.177 8.0 0.84 1.00 8.1













Port Island Improved Site (Ikegaya,
Yasuda et al.(1996)
Ikegaya (1980) in Japanese
No subsidence and no damage to stnJctLJre.!;'''N'<>el"oe:· observed In the Zones
densified by rod (vlbro) compaction.
On January 17, 1995, an earthquake UI 7.2.(Richterscale) struck the
southem part of HyogoPrefecture. Iiquefied,ejected soil were
observed at numerous sites, mainly areas of Hyogo and Osaka
Prefectures. In particular, massive observed on man-made
islands and in inland areas with high ground tables.
The entire area of the first~tagE3 rE3ql~imedland .for Port....lsland and the northern
area.of Rokko Island were filleq rn~inly V'JithMas~do. The first stage reclamation
ofPort I51.and was carried out at itsnorthernpartofthe island from 1966-1980.
RokkoJsland was constructed from 1972 to 1990. The second stage reclamation
ofPort Island started in 1986.and would be finished by 1996.
The improved site is locatsdon Port Island.
M~sado is .a. weathered anqdecomposed low plasticity, low cohesion,
high permeability, erodibl.e granite. It is a sandy soil with much gravel, silt and
cl~y. The mean grain diarnf3tE3ri5 mostly 0.2-6 mm. The contents of gravel and
fi.rlE3sia.re~bout 0-65 % anq§-99°{o respectively.
r<:3&....,~~Tecorded as 0.:34g~tPori Island.The recorded motion was obtained
at~liqHsfied site. Liquef~ctign.qfthesite is believed not affected the PGA
~i~rWqanJly because thefiingv.'~Trecorded at very early stages of the shaking.
TbE3....,~tsrtable is at depm 4-6 rJ)/atthelstand.



























































Depth (m Depth(ft CSR N CN CR (N1)60
2.5 8.2 NA 18.0 1.49 0.82 26.8
3.5 11.5 NA 19.0 1.26 0.87 25.2
5.0 16.4 0.243 19.0 1.05 0.92 22.4
6.5 21.3 0.264 20.0 0.97 0.96 22.8
7.5 24.6 0.270 22.0 0.93 0.99 24.6
8.5 27.9 0.268 22.0 0.89 1.00 23.8
9.5 31.2 0.262 20.0 0.86 1.00 20.8
10.0 32,8 0,257 15,0 0.84 1.00 15.3













Port Island Improved Site (Tanahashi 87)
Yasuda et al.(1996)
Tanahashi (1978) in Japanese
No subsidence and no damage to structures were observed in the zones
densified by rod (vibro)compaction.
On January 17, 1995, an earthquake of magni;yq~i'7.~(R.i.chter scale) struck the
southern part of Hyogo Prefecture. Sand boils~ndMiqy.7fieJd, ejected soil were
observed at numerous sites,mainly in the coa~tal~r7~~8fHyogo and Osaka
Prefectures. In particular, massiveIiquefactioni"Y~~)PP~7rv.ed on man-made
islandsand in inland areaswithhigh ground w~t~r\t~pI7s.
The entire area. of the first stage reclaimed\land for PortIsland andthe northern
area ofRokko Islandwere filledmainly"Yith Masado. The first stagereclamation
of Port Island was carried out at its northern part of the island from 1966-1980.
Rokko 1.lsand was constructed from 1972to 1990..The secondstagereclamation
Clf Port Islandstarted in 1986and wouldbe.finished by 1996.
The 1m prClved site is located00 port Is.l.and.
Masadois)a.\'Iieathered andde.c0r11posed 10"Y plastiCity, low cohesion,
high pern17~8ility, ~r8gible granite. It is a sandysoilwith.fl1uch gravel, silt and
clay. Th~f11.7~ngrain diameteris mostly0.2-6 mm. The contents of graveland
fine.s ar7i~8Py.t.g-65 % and5-35 % respectively.
pG!'. wa~.r79pr9iedas 0.34gat Port Island.The recorded motion was obtained
at a Iiqu~fi7.clsit7.'. Liquefaction of the site is believed not affected the PGA
significantIY/tliec.Ciuse the flingwas recorded at veryearlystages of the shaking.
The wat7rt~Rl7js at depth4-6 m at the island.
























































Depth mDepth (ft CSR N CN CR (N1 )60
4.0 13.1 NA 20.0 1.18 0.89 25.4
5.0 16.4 0.243 18.0 1.05 0.92 21.2
6.0 19.7 0.259 17.0 1.00 0.95 19.6
7.0 23.0 0.268 15.0 0.95 0.98 16.9
8.0 26.2 0.270 14.0 0.91 1.00 15.5
9.0 29.5 0.265 16.0 0.87 1.00 17.0
10.0 32.8 0.257 20.0 0.84 1.00 20.5
11.0 36.1 0.245 19.0 0.81 1.00 18.8
12.0 39.4 0.231 18.0 0.79 1.00 17.2
13.0 42.7 0.218 15.0 0.76 1.00 13.9
14.0 45.9 0.205 17.0 0.74 1.00 15.3













Port Island Improved Site (Watanabe81)
Yasuda et al.(1996)
Tanahashi (1978) in Japanese .
No subsidence and no damageto structureswere observed in the zones
densified by rod (vibro)compaction.
On January17, 1995, an eartpqHaKe<9fmagnit~de 7.2 (Richterscale) struck the
southern part of HyogoPref~i8t~fE!'~6cncl.98it~iilndHquefied, ejected soil were
observed at numerous sites,mainly in the coastalareas of Hyogoand Osaka
Prefectures. In particular, massive liquefaction wasjobserved.on man-made
islands and in inland areaswith highground.vvi3~er tables.
The entire area of the first stage reclaimed lar.dfor Port Islandand the northern
area of Rokko Islandwere filled mainlywith lVIasado. The first stage reclamation
of Port Islandwas carried out at its northernpart of the island from 1966-1980
Rokkolsland was constructed from .1974 to 19.9Q. Il1e secondstage reclamation
of Port Islandstarted in 1986and wouldbe finishedby 1996.
The improved site is located on Port Island.
1\IIi3~f99i.~i3;weathered and decomposed low plasticity, low cohesion,
higp}HElrl"l')~fbility, erodible granite. It is a sandy soil with much gravel, silt and
clfX.}~.~E!.I"l')Elan grain dial11eter is mostly0.2-6 mm. The contents of gravel and
fipElsafEl;;fBBut 0-g5 % and 5-35 CYo/Elspectively.
pc:3~Yfa~;rEl90rdecl as 0.34 g atPortlsland.Therecorded motionwas obtained
at<Cl;liq~~n~.9 site. Liquefaction of the site is believed not affected the PGA
si9i"lifiSiilDlly:because the flingwas recorded at very early stagesof the shaking.
Th'rWCltElJtClble is at depth4-6 m at the island.


































































Depth (m Depth (ft CSR N CN CR (N1)60
4.0 13.1 NA 29.0 1.18 0.89 36.8
5.0 16.4 0.250 24.0 1.05 0.92 28.3
6.0 19.7 0.271 21.0 1.00 0.95 24.2
7.0 23.0 0.285 32.0 0.95 0.98 36.1
7.5 24.6 0.289 23.0 0.93 0.99 25.7
8.0 26.2 0.292 23.0 0.91 1.00 25.4
9.0 29.5 0.294 40.0 0.87 1.00 42.5
10.5 34.4 0.287 39.0 0.83 1.00 39.2
11.5 37.7 0.277 37.0 0;80 1.00 35.9
12.5 41.0 0.265 24.0 0.77 1.00 22.6
13.5 44.3 0.251 41.0 0.75 1.00 37.4














Port Island Site I
Tokimatsu et aL (1996)
Up to 50 em of settlements; sand boils
On January 17, 1995, an earthquake of magnitude 7.2 (Richter scale) struck the
southern part of HyogOPrefectur~. Sand boils and liquefied, ejected soil were
observed at numerous sites, mainly intre coastal area.~ pfHyogo and Osaka
Prefectures. In particular,lTI.a!lsiv~ liquefaction ""as observed on man-made
islands and in inland areas.""ith high groundwater tabl.es.
The entire area of the first stage reclaimed land for Port Island and the northern
area of Rokko.lsland were filled mainly with Masado. The first stage reclamation
of Port Island was carried out at its northern part of the island from 1966-1980.
Rokko Island was constructed from 1972 to 1990. The second stage reclamation
of Port Island started in 1986 and would be finished by 1996.
The improved site is located on Port Island.
Masado is a weathered and decomposed low plasticity, low cohesion,
high permeability, erodible granite. It is a sandy soil with much gravel, silt and
clay. The mean grain diameter is mostly 0.2-6 mm. The contents of gravel and
fines are ~boutP-65 % and 5-35 % respectively.
PGA wasr~cOrded as 0.34g at Port Island. The recorded motion was obtained
at a Iiquefiedsite.Liquefaction of the site is believed not to affect the PGA
because.thery.tpg was recorded at very early stages of the shaking.
- The watertaplei~ at depth 4-6 m at the island.
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Depth (m Depth (ft CSR N CN CR (N1 )60
6.0 19.7 0.265 10.0 1.10 0.95 12.7
7.0 23.0 0.265 11.0 1.04 0.98 13.6
8.0 26.2 0.259 10.0 0.99 1.00 12.1
9.0 29.5 0.249 9.0 0.95 1.00 10.4
10.0 32.8 0.236 8.0 0.91 1.00 8.9
11.0 36.1 0.221 9.0 0.88 1.00 9.6
12.0 39.4 0.207 8.0 0.85 1.00 8.3
13.0 42.7 0.193 11.0 0.82 1.00 11.0













Rokko Island BUilding 0
Tokimatsu et al. (1996)
Ground settlement, tilted structures
On January 17, 1995,
southernpart of Hyogo rrerecture. Sand boils
observed at numerous
Prefectures. In particular, massive licluefaCition:wclsolbsElrvEld
islands and in inland areas wttn.nlgn
The entire area of the first reclalrned land Island the northern
area of Rokko Islandwere filled mainlywith Masado.The first stage reclamation
OfPort Islandwas carried out at its northernpart of the island from 1966-1980.
Rokko Islandwas constructed from 1972 to 1990.The second stage reclamation
of Port Islandstarted in 1986 and would be finished by 1996.
The southernpart of Rokko Island consist of mainly of crsuhed tuff and sand-
st08.E:J8fth~.~obe and Osaka Groups from Rokko Mountains. The soils of
souml:!m.R8~kolsland includesmore fines and clay, i.e about 20 % and 10 %
c0r1"lp.~.r~d.yYrrh about 15 % and 5 % of decomposed granite (Masado).
BUilgi.QgRj~Iocated in the southern part of Rokko Island.
Sitl:!/h~~;pl:!~n improvedby sand compactionpiles.
Ma~~g8.ijs~Jweathered and decomposed low plasticity, low cohesion,
highermeability, erodiblegranite. It is a sandy soil with much gravel, silt and
clay. an grain diameter is mostly 0.2-6 mm. The contents of gravel and
fine~.~ ..< ••<ut 0-.65 % and 5-35 % respectively.
PG~yY~sr~.porded as 0.34g at Port Island. The recorded motion was obtained
at aliqH~DE:cl. site. Liquefaction of the site is believednot affected the PGA
significantlybecause the fling was recorded at very early stages of the shaking.
Rokko Island is predictedto have experienced the same level of shaking
The water table is at depth4-6 m at the island.

























































Depth (m Depth (ft CSR N CN CR (N1)60
2.0 6.6 NA 9.0 1.66 0.80 14.5
2.5 82 NA 7.0 1.49 0.82 10.4
4.0 13.1 0.252 25.0 1.18 0.89 31.8
52 17.1 0.282 11.0 1.09 0.93 13.5
5.3 17.4 0.284 15.0 1.08 0.93 18.4
6.2 20.3 0.298 11.0 1.03 0.96 13.1
6.4 21.0 0.300 15.0 1.02 0.96 17.8
7.3 24.0 0.306 14.0 0.97 0.98 16.3
8.2 26.9 0.308 14.0 0.93 1.00 15.9
8.3 27.2 0.307 28.0 0.93 1.00 31.6
9.1 29.9 0.304 11.0 0.90 1.00 12.0
9.2 30.2 0.304 13.0 0.89 1.00 14.1


























Rokko Island Site G
Toklrnatsuet al. (1996)
Up to 50 em of settlements; sand boils
On January 17,1995, an earthquake
southem part of Hyogo C'~,_~ 1.. ...;:1_
observed at numerous
Prefectures. In particular, massivs Ji(~uelfa~:tioln ....'as.observed
islands and in inland areas with high
The entire area of the first stage reclaimed land for Port Island and the northem
area ofRokko Island were filled mainly with Masado. The first stage reclamation
of Port Island was carried out at its northern part of the island from 1966-1980.
Rokko Island was constructed from 1972 to 1990. The second stage reclamation
of Portlsli:1n8~tarted in 1986 and would be finished by 1996.
Thesoutl'1empart of Rokko Island consist of mainly of crsuhed tuff and sand-
stonepfl.I'1E:l<pbe and Osaka Groups from Rokko Mountains.The soils of
soutl'1E:rn.Rp~Ko Island includes more fines and clay, i.e about 20 % and 10 %
comp'arEldv.'im>about 15 % and 5 % of decomposed granite (Masado).
SiteC3i~I?8i:1tEld in the northern part of Rokko Island,
MasFd9isFv.'E:athered and decomposed low plasticity, low cohesion,
highpE:f'I11ElFpiHty, erodible granite, It is a sandy soil with much gravel, silt and
clay,e,-~erl1El~l1grain diameter is mostly 0.2-6 mm. The contents of gravel and
finesarElF.8?ptO-65 % and 5-35 % respectively.PGAv.'F~rElPprded as 0.34g at Port Island. The recorded motion was obtained
at a JiqUElfiElq.~ite. Liquefactionof the site is believed not affected the PGA
significantlYibecause the fling was recorded at very early stages of the shaking,
Rokko Island is predicted to have experienced the same level of shaking
The water table is at depth 4-6 m at the island,



























































Depth (m Depth (ft CSR N CN CR (N1)60
3.0 9.8 NA 9.0 1.36 0.85 12.6
4.0 13.1 0.207 7.0 1.18 0.89 8.9
5.0 16.4 0.226 5.0 1.11 0.92 6.2
6.0 19.7 0.237 5.0 1.05 0.95 6.1
7.0 23.0 0.240 7.0 1.00 0.98 8.3
8.0 26.2 0.237 12.0 0.95 1.00 13.9
9.0 29.5 0.229 14.0 0.92 1.00 15.6
10.0 32.8 0.218 15.0 0.88 1.00 16.1
11.0 36.1 0.206 14.0 0.85 1.00 14.5
12.0 39.4 0.193 12.0 0.82 1.00 12.0
13.0 42.7 0.181 16.0 0.80 1.00 15.5
14.0 45.9 0.171 19.0 0.77 1.00 17.9
15.0 49.2 0.163 14.0 0.75 1.00 12.8
16.0 52.5 0.157 15.0 0.73 1.00 13.4
17.0 55.8 0.152 16.0 0.72 1.00 13.9
18.0 59.1 0.148 12.0 0.70 1.00 10.2















Failed dike; sand boils near dike.
On January 17, 1995, ane~rthquake ofl'llagllitude 7.2 (Richter scale) struck the
south~m part of Hyogo pr13fl3cture. Sandiboils and liquefied, ejected soil were
observed at numerous sites, mainly in the. coastal areas of Hyogo and Osaka
Pref~ctures.lnpartiCUlar,massive liquefaction was observed on man-made
island§and in inlan9areas with higq ground water tables.
The. mostsev13r~IYdamaged wereJhedi~es of Yodo-gawa, which, flowing through
Osaka is the Jargestriver in KansaiarEla.(Alength pf 2 km of Torishima Dike, the
left levee of Yodocgawa, was sever~ly.dal'llaged. rhe dike was designed to protect
against high seatige. of 5.2 m above mean sea level. The core of the dike
was a soil embankment, and the river side surface was protected by concrete
parapet wall, the design height of which was 8.1 m from the sea level.
The dike is underlain by Holocene deposit with a thickness of 30 rn, called the
Umeda layer. The deposit consists of, from the top to bottom, the upper sandy
layer (As2), clay layer (Ac), and the lower sandy layer (As11). The thickness
of Holocene deposit decreases downstream. The As2 layer is also divided by
the upper (As2-2) and lower (As2-1) layer. The sand boils observed after the
quake are considered to have been ejected from the upper sandy layer.
The average of the main grain size and fines content of the As2 layer are 0.2-0.3
mm and 20 010 respectively. Cyclic undrain TX compression tests were made on
samples from the.depth 8.0-8.6 m. Triaxial cyclic stress ratio on frozen
samples required to cause 5 % axial starin in 20 cycles is about 0.3.
PGA was recorded along Yodo River at many stations. It ranges from 0.15-0.30
9 mostly concentrftingaround 0.22-0.26g. A value of 0.25 g was adopted for the
analysis'ii .
The boringsVV13ff3.pbtained in February and March 1995, before the earthquake.
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Depth (m Depth (ft CSR N CN CR (N1)60
3.3 10.8 0.349 5.0 1.97 0.86 10.3
4.2 13.8 0.337 9.0 1.75 0.89 17.1
5.1 16.7 0.322 10.0 1.58 0.92 17.8














Youd et al. (1983), "Liquefaction sites, ImperialValley, CA
No surfacemanifestation of liquefaction
The imperialValley lies in the southernpart of the Saiton Basin,whichwas
formed by northwardextensionof the crustal rifting that opened the Gulf of
California. The basin is underlain by as much as 20,000 ft of Tertiaryand
Quaternary marine, continental, and lacustrinesediment. Holocenesediment
is as thick as 330 ft.
The principalrivers are the Alamo and New Rivers alongwhich many sand bolls
were developed on fluvial deposits.
Heber Roadsite is -1.6 km to the fault ruptureplane.
AGR and BCRare two stationsthat are iocated- 7 kms southeastof Heber Road
site. The peak acceleration recorded at stationAGR at an epicentraldistance
of 1.8 km is 0.35 and 0.23 g. The station is underlainby deep alluvium and
the motion is free field. At BondsCorner, 5.2 km southernterminus of the fault
rupture and 6 km form the southeastof the Heber Roadsite, PGA was recorded
as 0.76 and 0.58 g. Seed et al (1984) used a PGA value of 0.78 g.
It is believed that directivityeffects playa major role In the intensityof shaking.
Higher intensity shakings (0.83 g) were recordedat the northern sectionof the fault.
Based on the recorded motion and earthquakespecific PGA contourmaps,
PGA was estimatedas in the rangeof 0.4-0.7 g.
Site response analyses basedPGA estimationwas in the range of - 0.45 to 0.50
ASTM 01586-67 procedures were followedfor SPT tests. 10" outsidediameter
hollow-stem auger was used with Safe-T- Driver and safety hammerfor the drillings
in 1979 and 1981. DonutHammerwith rope catheadwas used for the drillings in





















































































Depth (m Depth (ft CSR N CN CR (N1l 60
1.8 5.9 #### 15 1.84 0.73 22.8
2.12 7.0 #### 28 1.75 0.75 41.5
2.45 8.0 #### 32 1.66 0.77 46.5
3.35 11.0 #### 35 1.48 0.82 48.3
2.8 9.2 #### 29 1.59 0.79 41.3



















Youd et al. (1983), "Liquefaction sites, Imperial Valley, CA
Liquefaction-induced lateralspreading shifted the road as muchas 7 ft.
southward toward a 6.6 ft deep depression. Groundcracksand scaprsformed.
Sandbolls erupted at severalplacedalongthe spread.
The Imperial Valley lies Inthe southern part of the Salton Basin,whichwas
formed by northward extension of the crustal rifting that opened the Gulf of
California. The basin is underlain by as much as 20,000 ft of Tertiaryand
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal riversare theAlamo and NewRivers alongwhich many sandboils
were developed on fluvialdeposits.
HeberRoadsite is -1.6 km to the fault ruptureplane.
AGR andBCR are two stations that are located- 7 kms southeast of Heber Road
site. The peak acceleration recorded at stationAGR at an epicentral distance
of 1 8 krn is 0.35 and 0.23 g The stationis underlain by deep alluvium and
the motion is free field.At BondsCorner, 5.2 km southem terminus of the fault
ruptureand6 km form the southeastof the HeberRoadsite,PGAwas recorded
as 0.76 and 0.58 g. Seedet al (1984) useda PGA value of 0.78 g.
It is believed that directivity effects playa major role in the intensity of shaking.
Higher intensityshaklngs (0.83 g) were recorded at the northern sectionof the fault.
Basedon the recorded motionand earthquake specificPGAcontourmaps,
PGAwas estimated as in the range of 0.4-0.7 g.
Site response analyses based PGA estimation was In the rangeof - 0.45 to 0.50
ASTM 01586-67 procedures were followed for SPT tests. 10" outside diameter
hollow-stem auger was usedwith Safe-T-Driver and safetyhammerfor the drillings
in 1979 and 1981. DonutHammerwith rope cathead was usedfor the drillings in
In 1982. Energyratiosare adoptedas 68 and 66 % for safetyand donut hammers
respectively.
Summary of Data
This Study Seedet al (84) This Study
Liquefied? Yes Yes 0 50 0.110±0.010
Data Class B % Fines 29.0 ± 4.5
CriticalDepth Range 6.0 ~15.1 12 %PI
Depthto GWT (ft) 5.9 6
crv(psf) 974.1 ± 147.3 1410 N ± 1.7
crv' (psf) 683.4 ± 181.6 1035 CR Iamax (g) 0.470 ± 0.050 0.78 Cs 1rd 0.78 ± 0.020 0.97 CB 1CSR 0.352±0.101 0.67 CE 13
Equivalent Magnitude 6.5 CN .71






































Depth (m Depth(t't C5R N CN CR (N1)60
1.2 3.9 NA 3 2.38 0.68 5.5
2 6.6 ###If. 1 1.90 0.74 1.6
2.3 7.5 ###If. 5 1.85 0.76 8.0
2.8 9.2 ###If. 1 1.77 0.79 1.6
3 9.8 ###If. 1 1.74 0.80 1.6
3.4 11.2 ###If. 2 1.69 0.82 3.1 B
3.6 11.8 ###If. 1 1.66 0.83 1.6
3.8 12.5 ###If. 7 1.64 0.84 10.9
4.2 13.8 ###If. 3 1.59 0.86 4.7
4.3 14.1 ###If. 4 1.58 0.86 6.2 3
4.4 14.4 ###If. 5 1.57 0.87 7.7













Youdet al. (1982), "Liquefaction sites, Imperial Valley,CA
No surfacemanifestation of liquefaction
The Imperial Valley lies in the southernpart of the SaltonBasin,which was
formedby northward extension of the crustal rifting that opened the Gulf of
Califomia. The basin is underlain by as much as 20,000 ft of Tertiary and
Quaternary marine,continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are theAlamo and NewRivers alongwhich manysand boils
were developed on fluvialdeposits.
HeberRoadsite is 1.6 km to the fault ruptureplane.
AGR and BCR are two stations that are located - 7 kms southeast of HeberRoad
site. The peak acceleration recorded at stationAGR at an epicentral distance
of 1.8 km is 0.35 and 0.23g. The station is underlain by deep alluvium and
the motionis free field. At Bonds Corner, 5.2 km southern terminusof the fault
ruptureand 6 km form the southeast of the Heber Roadsite, PGAwas recorded
as 0.76 and 0.58 g. Seed et al (1984)used a PGA value of 0.78 g.
It is believed that directivity effects playa major role in the intensity of shaking.
Higher intensity shakings (0.83g) were recorded at the northern section of the fault.
Basedon the recorded motionand earthquake specific PGAcontourmaps,
PGAwas estimated as in the rangeof 0.4-0.7g.
Site response analyses based PGA estimation was in the rangeof - 0.45 to 0.50
ASTM 01586-67 procedures were followed for SPT tests. 10" outsidediameter
hollow-stem auger was usedwith Safe-T-Driver and safetyhammer for the drillings
in 1979and 1981.DonutHammerwith rope cathead was used for the drillings in
In 1982.Energyratiosare adopted as 68 and 66 % for safetyand donut hammers
respectively. "
Summary of Data
This Study Seedet al (84) This Study Seedet al
Liquefied? No No 0 50 0.100 ± 0.010 0.094
Data Class B % Fines 37.0 ± 5.0 37
Critical Depth Range 5.9 -16.1 14 % PI
Depth to GWT (ft) 5.9 6
crv(psf) 1095.0± 183.2 1660 N 13.1 13
cr; (psf) 777.7 ± 175.8 1160 CR 0.82
Iarne. (g) 0.470± 0.050 0.78 Cs 1rd 0.75 ± 0.025 0.96 Ce 1.05CSR 0.330± 0.085 0.695 CE 1.13
EqUivalent MagnitUde 6.5 CN 1.60 1.28
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Depth (m Depth (ft CSR N CN CR (N1)60
1.2 3.9 NA 6 2.00 0.68 9.2
2.1 6.9 i###f. 8 2.00 0.75 13.6
2.6 8.5 i###f. 12 1.72 0.78 18.3
3.35 11.0 i###f. 19 1.60 0.82 28.3
4 13.1 i###f. 13 1.52 0.85 19.0
4.3 14.1 i###f. 17 1.48 0.86 24.7
4.4 14.4 i###f. 9 1.47 0.87 13.0


















1979 Imperial Valley Earthquake
6.6 (MLl
Kornbloom B
Bennett et al, (1984) and Fear et al. (1995)
James Gerard Bierschwale. (1984)
Youd, T.L., Wieczorek G. F., (1984), "Liquefaction dUring the 1981 and
Previous Earthquakes Near Westmorland, CA" Open File Rep. 84-680
No surface evidence of liquefaction
The Imperial Valley lies in the southern part Of the Salton Basin, which was
formed by northward extension of the crustal rifting that opened the Gulf of
California. The basin is underlain by as much ad 20,000 ft of Tertiary and
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
A: silty clay, stiff-lacustrine and/or flood plain deposit
B: silty and sandy silt-fluvial and perhaps fluvial deltaic deposition
C: silty clay to clay, stiff-lacustrine and/or flood plain deposit
D: interbedded silt and sand-loose to medium dense
E: Uniform sand with some silt-medium dense to dense
F: interbedded siltiandsand - loose to mecjipl11 dense.
D-F :f1uvial andperhap~ ~uvial-deltai8dt;PCJsiti~n
PGA was recorde9.~tthe ground levelpf~p.y~-story building as 0.13 g (CAL)
which is -23.~J11fr~.l'rltRe nprth terminu~CJfthEl fault and -16 km north of the
north terminu.s(ofmEl.t~ult, pGA is reP9fcied/~~0.11 g.(Westmorland). The site
is 25 km northpfthEl/DPrth terminusofthElf~u.lt and -9 km from the westmorland
seismograph.igst~ti9n-(PGAwas estil'rlate.9~~O.12 g by Andrus and Stoke
(NCEER, 97).puet8rapid dissipati~~9f""'~YElenergy beyond the
north terminus of the fault, PGA may be lower than what is recorded
at Westmorland. Based on earthquake specific attenuation relationship, PGA
was estimated as 0.06-0.1 g. A value of 0.13 is adopted for the study based on
site response analysis results.
Energy ratio -68 %
Summary of Data
This Study Seed et al (84)· This Study Seed et al
Liquefied? No 0 50 0.045 ± 0.020 0.045
Data Class A % Fines 92.0 ± 10.0 92
Critical Depth Range 8.5 - 17.0 14 %PI
Depth to GWT (fl) 9.0 9
e, (psf) 1248.8 ± 154.1 1615 N 5.4 ± 2.6 5
crv'(psf) 1014.8 ± 88.9 1305 CR 0.85 1amax (g) 0.130 ± 0.010 Cs 1rd 0.83 ± 0.030 0.97 Ca 1 1.05CSR 0.090 ± 0.010 Ce 1.13
EqUivalent MagnitUde 6.5 CN 1.40 1.22
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CSR
Depth (m Depth (tt CSR N CN CR (N1 )60
1.52 5.0 NA 4 2.00 0.71 6.4
1.67 5.5 NA 1.96 0.72 3.2
1.82 6.0 NA 1.87 0.73 7.7
2.28 7.5 NA 7 1.68 0.76 10.1
2.45 8.0 NA 3 1.62 0.77 4.2
2.74 9.0 #### 7 1.53 0.79 9.6
2.89 9.5 #### 1 1.51 0.80 1.4
3.04 10.0 #### 3 1.49 0.81 4.1
3.66 12.0 #### 1.43 0.84 9.5
3.8 12.5 #### 9 1.41 0.84 12.1
3.96 13.0 #### 2 1.40 0.85 2.7
4.56 15.0 #### 3 1.34 0.87 4.0
4.56 15.0 #### 8 1.34 0.87 10.6
4.56 15.0 #### 5 1.34 0.87 6.6
5.03 16.5 #### 5 1.30 0.89 6.6
5.3 17.4 #### 9 1.28 0.90 11.8
5.48 18.0 #### 12 1.27 0.91 15.7





























Fissures developed and as many as one
hundred sand boils erupted at this sand boils occurred between
two continuous fissures, some 10-15 that parallel each other in an
arcuate.north-to-southzone approximately 1.8 km long.
The Imperial Valley lies in the southern part of the Salton Basin, which was
formed by northward extension ofthe..crustal rifting that opened the Gulf of
California. The basin is underlain by as much ad 20,000 ft of Tertiary and
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
Located between theAlarno River and the Redwood Canal.
A: very fine sand (finingupwards)-Ioose sand that filled the relic channel.
B: stiff silty clay
McKim Ranch SitejSi§krnifr8rn the northernt~,.rninus of the fault rupture. The
earthquake specificp(3~CClnt()ur maps indi9at~E3RGA level of 0.5-0.8g.
2-3 km away from site'ftm~~eismagraph.i8~tati9nE04 located on deep
alluvium (>300m), PGA was recorded as 0.49g.
Energy ratio -68 %
Summary of Data
This Stud Seed et al 84 This Stud Seed et al
Liquefied? Yes Yes 050 0.105:1: 0.003 0.105
Data Class A % Fines 31.0 ±3.0 31
Critical Depth Range 5.0 - 13.0 7 %PI
Depth to GWT (ft) 5.0 5
O'v(psf) 875.0 ±135.9 800 N 5.3:!: 2.6 3
O'v' (psf) 625.4:1: 80.4 675 0.79 0.75
amax (g) 0.510:1: 0.050 0.51 Cs 1 1rd 0.95 ±0.042 0.99 CB 1CSR 0.442 :1:0.072 0.39 CE 1.13 1.05
Equivalent Magnitude 6.4 CN 1.79 1.62















Depth (m Depth (ft CSR N CN CR (N1)60
0.762 2.5 NA 13 2.00 0.63 18.6
0.762 2.5 NA 5 2.00 0.63 7.2
1.524 5.0 #### 4 2.00 0.71 6.4
1.524 5.0 #### 2 2.00 0.71 3.2
2.1336 7.0 #### 9 1.91 0.75 14.6
2.286 7.5 #### 1.87 0.76 11.3
2.286 7.5 #### 1.87 0.76 4.9
2.8956 9.5 #### 1.76 0.80 1.6
3.048 10.0 #### 7 1.74 0.81 11.1
3.048 10.0 #### 7 1.74 0.81 11.1
3.6576 12.0 #### 8 1.65 0.84 12.5
3.81 12.5 #### 7 1.63 0.84 10.9
3.81 12.5 #### 4 1.63 0.84 6.2
4.572 15.0 #### 14 1.53 0.87 21.3





























James Gerard Bierschwale. (1984)
Bennettet al. (1984) and Fearet al. (1995)
Liquefied during both the 1979 and 1981 earthquakes. Severalsandboils
expelled considerable volumes of water and sand and created a new pond
near the radio tower at the site. Small fissures devepoed around the pond
and larger fissures developed at the margin of the river flood plane locally in the
adjacentbluffs.
The ImperialValley lies in the southern part of the Salton Basin, whichwas
formed by northward extension of the crustal rifting that opened the Gulf of
California. The basin is underlain by as much ad 20,000ft of Tertiary and
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers alongwhich manysand boils
were developed on fluvial deposits.
A: very poorlysorted, soft brownclay and silt-flood plain deposit
B: brown, loose to med.dense silt to fine sand- sediment at base is well sorted
very fine sand fining upwardsto poorly sorted silt-channel deposit
C: very stiff brown clayey silt to clay-lacustrine
D: med dense sand
RadioTower Site is 12 km from the northernterminus of the fault rupture. 0.22g
and 0.16 of PGA was recorded at BRA recording site which is 9-10 km from the
northern terminus of the fault rupture. Based on the earthquake specific PGA
contours, the estimated PGAat the River site is -0.2 g. However, site response











































































Depth (m) Depth (tt) CSR N CN CR (N1)60
3.3 10.8 0.145 2 1.66 0.82 3.1













James Gerard Bierschwale. (1984)
Bennettet al. (1984)and Fear et al. (1995)
Liquefied dUring both the 1979and 1981 earthquakes. Several sandboils
expelledconsiderable volumes of water and sand and created a new pond
near the radiotower at the site. Small fissures developed around the pond
and larger fissures developed at the marginof the river floodplane locally in the
adjacentbluffs. This borelog is from the "nonliquefied" section
The Imperial Valley lies in the southern part of the Salton Basin, whichwas
formed by northward extension of the crustal rifting that opened the Gulf of
California. The basin is underlain by as much ad 20,000ft of Tertiaryand
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers alongwhich many sand boils
were developed on fluvial deposits.
A: very poorlysorted,soft brownclay and silt-flood plaindeposit
B: brown, looseto med.dense silt to fine sand- sedimentat base is well sorted
very fine sand fining upwards to poorlysorted silt-channel deposit
C: very stiff brown clayey silt to clay-lacustrine
0: med densesand
RadioTower Site is 12km from the northerntenninus of the fault rupture. 0.22g
and 0.16 of PGA is recorded at BRA recording site which is 9-10km from the
northernterminusof the fault rupture. The earthquake specificPGA contours
estimated a PGA of - 0.2 g at the Riversite. Basedon site response
analysis results a PGA value of 0.16 g is adopted
Energyratio-68 %
Summary of Data
This Study Seed et al (84) This Study Seed et al
Liquefied? No No 050 0.100± 0.020 0.1
Data Class B % Fines 30.0± 5.0 30
Critical Depth Range 6.6 - 9.8 7.5 % PI
Depth to GWT (ft) 6.6 7
cry (pst) 746.4 ± 58.8 830 N 11.0±1.a 11
crv'(pst) 644.0 ± 65.9 aDO CR 0.77 0.75
amax (g) 0.160±0.019 0.2 Cs 1 1rd 0.99 ± 0.020 0.9a Cs 1CSR 0.120± 0.019 0.13 CE 1.13 1.05
EquivalentMagnitude CN 1.76 1.51



























25.0 - ... - 1- _
"
25.0 - - - l
I l l
!Depth (m)\ Depth(ft) I CSR I N I CN CR I (N1)60
I 2.3 I 7.5 10.1201 11 I 1.79 0.76 I 17.0
Mean: 17.0
St. Dev. 2.5 assigned
86
Water
many sand boilsheprirlcipal rivers aloe me ,Alamo and New Rivers along
developed on
Ri\ll~r (:'",rk is 3.4 km from the northern terrTlinus of the fault rupture.PGA of
22-0.160 were recorded at Brawley Airport recording site which is 5.9 km from the
northern of the fault rupture. Based on the earthquake specific PGA
contours, the estimated PGA at the River site is -0.2 g. The directivity and
the basin effects are significant. Contrary, site response analyses results
suggest a lower value (probElbly due to significant strainsoftening) -0.16 g
ASTM 01586-67 procedures were.followed for SPT tests. 10" outside diameter
hollow-stem auger was used withSafe-T Driver and safety hammer.
Energy ratio -68 %
SPT blowcounts were.takenin1979 and 1981.
Summary of Data
This Stud Seed et al 84 This Stud Seed et al
Liquefied? Yes Yes 0 50 0.040 ± 0.010 0.04
Data Class C % Fines 80.0 ± 10,0 80
Critical Depth Range 1.0 - 5.9 6 %PI
Depth to GWT (ft) 1.0 1
crv(psf) 323,0 ± 78.4 735 N 2.7 ± 2.3 3
crv' (psf) 170.0 ± 40.6 425 CR 0.66 I 0.75amax (g) 0,160 ± 0.045 0.24 Cs 1rd 0.99 ± 0.015 0.99 Cs 1CSR 0.174 ± 0.067 0.265 CE 1.13 1.05
Equivalent Magnitude 6.5 CN 2.00 1.88
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Depth (m) Depth (ft) CSR N CN CR . (N1)ao
1 3.3 0.190 7 2,00 0.66 10.4
1.52 5.0 0.214 1 2.00 0.71 1.6

















Bennett et al. (1984) and Fear et al. (1995)
James Gerard Bierschwale. (1984)
Youd, T.L., Wieczorek G. F., (1984), "Liquefaction during the 1981 and
Previous Earthquakes Near Westmorland, CA" Open File Rep. 84-680
No surface evidence of liquefaction
TheII'l1P~rialyal.le~liesif1thesouthern partoflhe9alton Basin, which was
forme.d 9ynorthward extension of the crustalrifting that opened the Gulf of
California. The basin is underlain by as much as 20,000 ft of Tertiary and
Quaternary maritle, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
A: very loose and very soft interbedded micaceous sandy silt, silt and clayey
silt~ (0-2.5 rn) fl.ood plain deposits
B: very loose to loose moderately sorted sandy silt (2.5-6.8m); point bar deposits
C: silly clay (medium to very stiff) and clayey silt (medium to stiff); lacustrine
deposit.
PGA was recorded at the ground level of a two-story building as 0.13 g (CAL)
which is -23 km from the north terminus of the fault and 2-3 km north of Wild
life site. At the seismographic station, BRA, located -12 km north of the north
terminus of the fault, PGA was recorded as 0.22 and 0.16g. PGA was estimated
as 0.13 g by Andrus and (NCEER, 97).
A PGA of 0.17 g is adopted on site response analysis results.
























































































Depth (m) Depth (tt) CSR N CN CR (N1)60
2.75 9.0 0.180 4 2.00 0.79 7.2
3.35 11.0 0.187 5 1.87 0.82 8.7
3.6 11.8 0.189 5 1.82 0.83 8.6
4.3 14.1 0.191 11 1.71 0.86 18.4
4.45 14.6 0,191 13 1.68 0.87 21.6
5.3 17.4 0.188 10 1.57 0,90 16.0













Kushiro Port Strong Motion Recording Station
lai et al (1994)
Liquefaction of the backfill sand of quay walls; displacements ofquay walls.
Sudden change in the response of grqundafter 30 seconds.
On January 15, 1993, an earthquake ofmaghitude 7.8iin JMAiscele hit a
northern island of Japan called Hokkaido. The epicenter was located 15 km
south of Kushiro City. Kushiro Port wClssha~.en vvitha. p.~ak h?rizpntal
acceleration of 0.47 and 0.34g. The earthqua~ecausedliquefacti(m of untreated
backfill sand at the port, resulting in damage to many of thEl qu~ywalls. The
extent of the damage was generally moderate; the displacemeptsyofthe quay
walls were less than about 5% of the water depth in t~ont of theis~ay waUs. In
contrast, the quay walls having the backfill sal'ld.compacted.~smE!asures
against liquefaction survived the earthquake wilhout;damage.
Kushiro P~rt has been developed at the estuary of theK~shiro.Riyer. Most of the
port area has beenreclaimed from the sea b.yfillingthe sa.nd 9rEl9ged from the
nearby sea. The natural ground along the former beach IinE!is8f~and dune
origin being del'lse vvith SPT N values of about 50. ThEl filiaboY13!he original
ground gradually increases its thickness from.none at the forl11Elrbe~ch line to
about 10m at the southern end of the piers in the West Port District. SPT









































































Depth (m) Depth (ft) CSR N CN CR (N1 )60
20,3 66,6 0,235 10,0 0.70 1.00 8.5
21.0 68.9 0.233 6.0 0.69 1.00 5.0













Quay Wall Site A
lai et al (1994)
Settlement and lateral movemenLof quay wall couple of meters,
On January 15,1993, an earthquake ofrnagnitudeT8 in JMA scale hit a
northern island of Japan called Hokkaldo. The epicenter was located 15 km
south of Kushiro City, Kushiro Port was shaken wim<~ peak horizcnta]
acceleration of 0047 and 0.34g, Th13earthquake ca~sed Iiqu~fa9ti8n ()f untreated
backfill sand at the port, resulting in damage to m~9yof ~heq~ay walls. The
extent of the damage was generally moderate; th~displacementsoflhe quay
walls were less than about 5% ofthewaterdepthin.f[ont?fth~. quay(walls, In
contrast, the quay walls having th; bca.ckfill sand compactedas measures
against liquefaction survived the earthquake without damage.
Kushiro Port is developed at the estyary of the KU~~iro River'.Iv10~t.of the port
area.has.been reclaimed from the s;a by filling thes~nddf.edgedJrornthe
nearby sea, The natural ground along the fonner beach line is of sand dune
origin being dense with SPT N values of aboul50. The fill above the original
ground gradually increases its thickness from none at the fonner beach line to
about 10m at the southern end of the piers in the West Port District. SPT
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Depth (m) Depth (ft) CSR N CN CR (N1)60
4.2 13.8 0.358 10.0 1.39 0.89 15.1
5.2 17.1 0.379 15.0 1.30 0.93 22.0












Quay Wall Site D
lai et al (1994)
No surface evidence of liquefaction
On January 15, 1993, an earthquak~(CJf.magnitude7.8 in JMAssale hita
northern island of Japan called Hokkaido.Theepicenterwas .Iocated 15 km
south of Kushiro City. Kushiro Portwas shaken with apeak oprizontal
acceleration of 0.47 and 0.34g. The earthquake caused liquefaction ofuntreated
backfill sand at the port, resulting in dam~ge4Prnany of the quay walls .. The
extent of the damage was generally ['Dpderate; thedisplacemElntsofthe quay
walls were less than about 5% of thevvaterdeptQin frontpf thEl qyayvvalls. In
contrast, the quay walls having the backfill sand compacted as measures
against liquefaction survived the earthquake without damage.
KushiroPort was developed at the estuary ofthi;l.Kushiro RivElr. Most of.the port
area has been reclaimed from the sea by filling the sand dredged from the
nearby sea. The natural ground along the former beach line is of sand dune
origin being densewith SPT N values of about 50. The fill above the original
ground gradually increases its thickness from none at the former beach line to
about 10 m at the southern end of the piers in the West Port District. SPT
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Depth (m) Depth (ft) CSR N CN CR (N1)60
6.8 22.1 0.406 27.0 1.14 0.97 36.2
7.8 25.4 0.405 24.0 1.07 0.99 31.1
8.8 28.7 0.399 27.0 1.02 1.00 33.5
9.8 32.0 0.388 22.0 0.97 1.00 26.0
10.8 35.3 0.373 46.0 0.93 1.00 52.1
11.8 38.5 0.356 25.0 0.90 1.00 27.2
12.8 41.8 0.337 28.0 0.86 1.00 29.4













Alameda Bay Farm Island (Dike Location)
Mitchell et.al. (1994),"lnsitutest results from four Lorna Prieta Earthquake
Iiquefactior sites: SPT,CPT, DMT and Shear Waveye10city
Kayen et al.(1998), "Soil Liquefaction in the East Bay during .theearthquake
No surtsce manifestation of liquefaction.
Site.'N?sill1proyed.by vibraflotation
Comments: Located immediately north of Oaklandlnternatiotl~IAirport
~nods;r~~i~hby1e:~e~~~:~~fd::~:t;;f~~I:d~. :onsi~tsofSandY hydraulic fiU,
Conslderabte liquefaction occurred atthe north""estcorner and at points along
the W.est edge .of the fill. Soil liquefaction inthe northern part of the Island was
largely confined to artificially fill lard. Numerous sand boils-3m in diameter
erupted in Harbor Bay Plaza area.
Fifl in the perimeter dike area was densified by vibroflotation.
Denslflcation prevented soil liquefaction of the western-perimeter dike.
Complex stratigraphy of thin «1 m thick) interbeds of sand and finer material
A layer of noncohesive sand and silty sand at 2-3m. Below this layer to 6.5 m
is a set of interlayered deposits.
PGA is recorded as 0.27 & 0.21g at the Alameda Naval Air Station
seismogram which is located on a 152 m deep soil site.
Me~surements. performed after the
Depth to water table is given as 2-3 m in'K al However in
MJtc:helietal. it was given as 5.5 m. I'"l .•~ ••; sU~Jgests a water depth of
5.5111.
Summary of Data
This Study Fear et al This Study Fear et al
Liquefied7 No No 050 0.280 ± 0.020 777
Data Class B % Fines 7.0 ± 2.0 sand sand
Critical Depth Range 19.7 - 23.0 5.30 6.70m % PI
Depth to GWT (ft) 9.8 3m
crv(psf) 2616.5 ± 92.5 0.95 1.21 kg/em' N 37.1 ± 1.6 37 35
crv' (psf) 1899.9 ± 185.7 0.72 0.84 kg/em' CR 0.94 I09amax (g) 0.240 ± 0.024 0.27 Cs 1.3
rd 0.95 ± 0.087 0.95 0.93 CB 1
CSR 0.205 ± 0.034 0.218 0.236 Ce 0.92
Equivalent Magnitude 7 CN 1.03 1.16 1.09




















































27.0 - - - - - I - - - -,
29.0 - - - I - - _ -
I
Depth (m) Depth (ft) CSR N CN CR (N1 )60
5.75 18.9 0.199 52 1.07 0.92 60.8
6.2 20.3 0.203 38 1.04 0.93 43.9
6.65 21.8 0.206 36 1.02 0.94 41.2














Holzeret al, (1994)li"ORsery~dandpredicted grounddeformation-Miller Farm
lateral spread, Wat~onXille,caIiforni~
Lateralsprrad nearthepaj~roRiver. South of theriver -0.2 m highh.ead scarp
which could be followedifori1.7km. Maximum horizontal displacementof
-3D emjust west ottheistudyarea. Sand boils along the area affectedby
lateral spreading. Eyewitnesses reported that sediment-laden water flowed
gently from vents onthe lateral spreadduring and until 20 minuntes after the
earthquake.
Located at the south side of the PajaraRiver at OlintMiller Farms near
Watsonville, CA.
Composed ofyoHnger and. older holocene fluvial deposits
The. ypper4-6 mpf theyqungerfloop-plaln deposi~ issllty and contains only
a few thin sand layers. In the depth interval from 4.6-9.1, sand percentages
range 67-100. This layer includes most of the liquefied layer. Average fines
contentof the sandy layers if 15%, rangingfrom 22 % at Miller Farm to B%at
Farris Farm.
The depth to the water tablewas -4.6 m 10 days after the main shock.
PGA is recorded in a four-storybuilding 1km west of MillerFarm as 0.39 g
In Open File Report95-663, Holzer et aI., the PGA was givenas 0.53g.
Watsonville region was shaken at MMI scale of B.( - 0.25-0.5 g ?)
The t::C11 attenuation-relationship suggests for alluvium sites
at 4.6 miles , to the fault) -0.5-0.65g
PGAwas gat Watsonville. Based on site responseanalyses
results was adopted for the analyses.
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Depth (m) Depth (tt) CSR N CN CR (N1)60
6 19.7 0.222 9 1.16 0.92 10.9
9 29.5 0.209 28 1.05 1.00 33.4
Mean: 10.9












Mitchellet~L(1991), "Insitu test results fromfour Loma Prieta Earthquake
liquefacti.onsites:SPT, CPT, DMT andShea.rWave Velocity
Kayen et al. (1998), "Soil Liquefaction in the East Bay during the earthquake
No surface evidence of liquefaction was observed at Hall Avenue.However,
b"tween depths of about 1,5-3,5 m, the sampler sank under its own weight
in a layer of very soft silty clay,
The site is close to POR 2-3-4 (-1 km) by the Hall Street
The site represents the most distant point, approximately 85 km north of the
rupture zone
The liquefaction zone overlies deposits of soft bay mud, underlain by deeper
deposits of stiffer, overconsolidated noncohesive and cohesive soils
Up to 0,8 m depth the soil is characterized by oxidized, tan-brown crusted
silty sand, 0,8-1,8 m oxidized tan-brown silty sand, 1,8-4,1 m oxidized
tan-brown sandy clay to reduced sandy c1ay.4, 1-7,8 m, is a hydraulic fill layer
of olive-gray fine-silty sand containing shell fragments,
The thick deposits amplified the level of ground motion at the site
PGA was estimated as 0.18 g by performing a site response analysis (SHAKE)
using the input motion from Richmond City Hall (PGA=O,13g) by Kayen et al.
Based on site response analyses results, a PGA of 0.14 was adopted,
Depth to water table in Kayen et al. (1998) was reported as 2,5 m
















































































Depth (m) Depth (ft) CSR N CN CR (N1 )60
3.65 12.0 0.084 5 1.38 0.84 5.8
4.15 13.6 0.089 6 1.33 0.86 6.9
4.6 15.1 0.092 9 1.30 0.88 10.3
5 16.4 0.095 1 1.27 0.89 1.1














Boulangeret al. (1996), "Liquefaction at Moass Landing During Loma
Prieta Earthquake"
Liquefaction-induced lateral spreadingand differential settlement.
Buildings spread 1-1.3m at the ground surface. Fine grained clayey sill boil
in the voleyball court near the southeaastof the site.
Locatedon the Moss Landing spit, just south of the timber bridge.
The faciHties consisted of one- and two-story, woodframe structures.
and oil and gas storage tanks.
The Moss Landingspit is underla.in by littoral soil~c9mprisinge9Iian, fluvial,
estuarine, and beach deposits of gravel, sand., sil~,~ndclayd~po~it~d in a
shorelineenvironmentwithin the zone of tidal·f1uctuation.Pleistocene and
miocenedeposits extendto a depth of -2000 m
The clayeysilt stratum beneaththe east side is 1.5-3 m thick, and is
interbedded between dune and beach sands.
PGA was recorded in a four-storybuilding8 km from ruptureplane as 0.39 g
(alluvial site). Also San Juan Bautistaseismographicstation, -20 km
from the rupture plane recorded 0.15 g (stiff anuvlum). The Moss Landing area
is located -21km from therupture plane.Due to deep alluvium which is soft
near the surface, PGA at the site is predicted between 0.2-0.3g
Based on site responseanalysesresults, a PGA value of 0.24 g was adopted
for these studies


































































Depth (m) Depth (ft) CSR N CN CR (N1)60
2.4 7.9 0.147 1 1.64 0.77 13.8
3.4 11.2 0.174 0 1.50 0.82 12.4
4.4 14.4 0.188 0 1.40 0.87 12.1














Boulanger et al. (1996), "Liquefaction at Moss Landing During Loma
Prieta Earthquake"
Liquefaction-induced lateral spreading and differential settlement.
Buildings spread 1-1.3 m at the ground surface. Fine grained clayey silt boil
in the volleyball court near the southeaast of the site.
Located on the Moss Landing spit, just south of the timber bridge.
The facilities consisted of one- and two-story,woodframe structures.
and oil and gas storage tanks.
The Moss Landing spit is underlain by IittCln3IsoilscorDpri~ingeolian,f1uvial,
estuarine, and beach deposits ofgravel, sand,silt,andclaydeposited in a
shoreline environment within the zone of tidal fluctuation. Pleistocene and
miocene deposits extend to a depth of -2000 m
The clayey silt stratum beneath the east side is 1.5-3 m thick, and is
interbedded between dune and beach sands.
PGA is recorded in a four-story bui.lding 8km from rupture plane as 0.39 g
which is underlainby alluvium. Also San Juan Bautista seismogram, -20 km
from the rupture plane recorded 0.15 g (stiff alluvium). The Moss Landing area
is located -21 km from the rupture plane. Due to deep alluvium which is soft
near the surface, PGA at the site is predicted between 0.2-0.3g
Based on site response analyses results, a PGA value of 0.26 g is adopted
for this study (a PGA of 0.25 is suggested in the source document).
UC-B1 andUp-B2.\:1rt~100 ft apart.
































































Depth (m) Depth (ft) CSR N CN CR (N1)60
2.5 8.2 0.158 17 1.60 0.77 21.1
3.5 11.5 0.186 13 1.48 0.83 15.9













MBARI Facilities BUilding 3 EB-1
Boulanger et al. (1996), "Liquefaction at Moass Landing During Lorna
Prieta Earthquake"
Extensive ground deformationswere observed along SandholdtRoac!,
including the portion alongsidetheMBARI facilities. Cracks parallelto the front
line. Away from Sancjholdt Rbad,surfaceevidence of liquefaction appeared to
occur in localized areas.
Locatecj onf\.10nterey Bay about rnidway .?etween the cities ofSa~ta Cruz
and Monterey, CA. •.• ..... . . . . .. ... ....
The MBAR.I facilities include thr13e main buildings and a pier located along
SandholtRoad on the Moss Landing spit. Historical shoreline suggest that
the shoreline in the vicinity of the site has fluctuatedsignificantly. Shallower
soil strata may have been deposited recently.
The area is underlainby Holocenedeposits consisting of relativelythick sands
offshore and estuarin13 and fl.uVial deposits onshore, up to about60-m deep.
The Moss Landingspit is underlain by littoral soils comprisingeolian, fluvial,
estuarine, and beach deposits of gravel, sand,silt,8Dd.qlayqeppsitecj.)na
shoreline environmentwithin the zone of tidal fluctuation. Pleistocene and
miocene deposits extend to a depth of -2000 rn
The site is underlainby an 8-12 m thick layer of poorly graded sand with
interlayers of gravelly sand and sandy gravel in its lower portion and occasional
thin layers of clayeysilt throughout.
PGA was recordedina four-storybuilding 8km fromrupture plane as 0.39 g
(alluvia' site). Also San Juan Bautistaseismographicstation, -20 km
from the rupture plane recorded 0.15 g (stiff alluvium). The Moss Landing area
is located -21 km frPrnthe.fLJptyre plane. Duet09ElElP.~nLJyium which is soft
near the surface, PC?AattQEl~itewas predictl3cjip.therange. of 0.2-0.3g
Based on site response analyses results, a PG/\valueofQ.24 g was
adopted.
EB-1 and EB-5 are-50ft apart
Difficult to choose a representative SPT value


















































Depth (m) Depth (tt) CSR N CN CR (N1)60
2 6.6 0.149 18 1.79 0.74 23.9














MB,A.RI Facilities BUilding .3EB-5
Boulanger.et al. (1996), "Uguefaction at Moss Landing DuringLoll1aPrietaEarthquake" ..••. <:. .< . .. ...
Extensive grounddeformati9nrwere observed along Sandholdt Road,
including the portion along~id~the MBARI facilities. Cracks parallel to the front
line. Away from Sandholdt Road, surface evidenceof liquefaction appeared to
occur in localized areas.
Located on MontereyBayaboutmidway betweenthe cities of Santa Cruz
andMonterey, CA
The MBARI.facHitiesinciude three main buildings and a pier located along
SandholtRoadon the Moss Landingspit. Historical shoreline suggest that
theshoreline in thevicinity of the site has fluctuated significantly. Shallower
soil strata may have been deposited recently.
The area is underlainby Holocene depositsconsistingof relatively thick sands
offshore andestuarineand fluvial depositsoqshorEl' .upto. a.Po.Ht60-rn deep.
.The Moss Landingspit is underlain by littof.al sgHscqrnprisinge9/ian, fluvial,
estuarine, andbeach depositsof gravel,sand,silt, and claydeposited in a
shoreline environment within the zone of tidal fluctuation. Pleistocene and
miocenedepositsextend to a depth of -2000 rn
The site is underlain by an 8-12 rn thick layer Ofpoorly graded sand with
inter/ayers of gravelly.sand and sandygravel in its lower portionand occasional
thin layers of clayeysilt throughout.
PGA is recorded in a four-storybuilding 8km from rupture plane as 0.39 g
which is underlain by alluvium. Also San Juan Bautistaseismogram, -20 km
from the rupture plane re.corded 0.15 g (stiff alluvium). The Moss Landing area
is located -f.1.kr1'1<frorntpe rupture plane'iP~e.to.8~~paliuvium which is soft
near the surf~9~,P~~~tthe site is predic:tEl9ibet\\t.~.ElnO.2-0.3 g.
Based on sitEl.r13~P9ns~i~nalyses results,g(3.t\j~i~99pted as 0.27 g, slightly
higher thanth.El.X.~1813.~9Ppted by authors.ofthe.sourcEldocument (0.25 g)
EB-1 and E§.-5~re.",80ff •.fpart.















































































Depth (m) Depth (tt) CSR N CN CR (N1)60
1.9 6.2 0.174 12 1.86 0.73 16.4
3.4 11.2 0.221 12 1.55 0.82 15.3
4.9 16.1 0.231 19 1.35 0.89 22.8














Holzer et al. (1994), "Observed and predicted ground deformation-Miller Farm
lateral spread, Watsonville, California."
Lateral spread near the Pajaro River. South of the river -0.2 m high head scarp
which could be followed for 1.7 km. Maximum horizontal displacement of
-30 em just west of the study area. Sand boils along the area affected by
lateral spreading. Eyewitnesses reported that sediment-laden water flowed
gently from vents on the lateral spread during and until 20 minuntes after the
earthquake.
Located at the south side of the Pajara River at Clint Miller Farms near
Watsonville, CA.
Composed of younger and older holocene fluvial deposits.
The upper 4-6 m of the younger flood-plain deposits is silty and contains only
a few thin sand layers. In the depth interval from 4.6-9.1, sand percentages
range from 67-100. This layer includes most of the liquefied layer. Average fines
content of the sandy layers if 15%, ranging from 22 % at Miller Farm to 8% at
Farris Farm.
The depth to the water table was 4.6 m 10 days after the main shock.
PGA is recorded in a four-story building 1km west of Miller Farm as 0.39 g.
In Open File Report 95-663, Holzer et aI., the PGA was given as 0.53 g.
Watsonville region was shaken at MMI scale of 8.( - 0.25-0.50 g ?)
The earthquake specific attenuation-relationship suggests for alluvium sites
at 4.6 miles (closest distance to the fault) -0.50-0.65 g.
A PGA value of 0.36 g was recorded at Watsonville.
Based on site response analyses results, a PGA value of 0.42 is adopted.
Strong ground motion lasted - 6 seconds.
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Depth (m) Depth (ft] CSR N CN CR (N1)60
4 13.1 0.238 7 1.30 0.85 8.8
7 23.0 0.268 5 1.15 0.95 6.2
7.8 25.6 0.263 12 1.12 0.97 14.9














BennetlandTinsley, 1995, "Open File Report 95-663"
Lateral spread, slide, and sand boils.
Located at the east of Watsonville, Monterey.
Both SPT and .CPTtest were performed. Surface samples
were taken. Grain size characteristices were given in detail.
Usually SPT's were made 3-5 ft away from the CPT boreholes to obtain
samples. SPT procedures followed the guidelines outlined in 01586-67 (ASTM).
Hollow-stem a~gers (10" outside diameter, 4" inside diameter with split liners)
140 Ib "inhole sampling hammer dropped at 30" height by "Safe-T-Oriver" hoist
The overall efficiency of the.hammer-hoist system is 68 %.
Undistwbedsarnplesweretaken using thin-walled Shelby tubes.
PqA isrec8rdedin a four-story building 1km west of Miller Farm as 0.39 g.
InOpen.FileReport95-663, Holzer et aI., the PGA was given as 0.53g.
Watsonville region was sha.ken.at~~1sc~le.of8.( - 0.25-0.50 g ?).
The earthquake specific attenLJ~tior-relat.ionship suggests for alluvium sites
at 4.6 miles (c10sestdistarc~t8)m~faultl. ..0.50-0.65 g
A PGA value of 0.36g was)r~cord~9at\.\l.Clts.oryilie.
Based onsite response analyse§r~sults,a PGA value of 0.41 is adopted.
Strong ground motion lasted .... 6 seconds.
CMF3-5-8-10 are - 1000 ft apart.
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Depth (m) Depth (ft) CSR N CN CR (N1l60
7.5 24.6 0.297 12 1.21 0.97 15.9
9.25 30.3 0.271 25 1,13 1.00 32.1
(N, )eo CSR
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Miller Farm CMF 3
Bennett and Tinsley, 1995, "Open File Report 95-663.
Lateral spread, slide, and sand
Located at the east of Watsonville, Monterey.
Both SPT and CPT test were performed. Surface samples
were taken. Grain size characterislices were given in detail.
Usually SPT's were made 3-5 ft away from the CPT boreholes to obtain
samples. SPT procedures followed the guidelines outlined in D1586-67 (ASTM).
Hollow-stem augers (10" outside diameter, 4" inside diameter with split liners)
140 Ib "inhole sampling hammer dropped at 30" height by "Safe-T-Driver" hoist.
The overall efficiency of the hammer-hoist system is 68 %.
Undisturbed samples were taken using thin-walled Shelby tubes.
PGA is recorded in a four-story building 1km west of Miller Farm as 0.39 g
In Open File Report 95-663, Holzer et aI., the PGA was given as 0.53 g.
Watsonville region was shaken at MMI scale of 8.( - 0.25-0.50 g ?).
The earthquake specific attenuation-relationship suggests for alluvium sites
at 4.6 miles (closest distance to the fault) -0.50-0.65 g.
A PGA value of 0.36 g was recorded at Watsonville
Based on site response analyses results, a PGA value of 0.46 is adopted.
Strong ground motion lasted - 6 seconds.
CMF3-5-8-10 are - 1000 ft apart.
The SPT blowcount 26 at depth -8m was eliminated due to high CPT tip
resistance at that depth. Unlikely to be liquefied?
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Depth (m) Depth (tt) CSR N CN CR (N1)60
4.5 14,8 NA 11 1.23 0.87 13.3
5.5 18.0 NA 6 1.11 0.91 6.9









































Miller Farm CMF 5
Bennett and Tinsley, 1995, "Open File Report 95-663"
Lateralspread,slide,. and sand boils.
Located at the east of Watsonville, Monterey.
Both SPT and CPT test were performed. Surface samples
were taken. Grain size characteristices were given in detail.
Usually SPT's were made 3-5 ft away from the CPT boreholes to obtain
samples. SPT procedures followed the guidelines outlined in D1586-67 (ASTM).
Hollow-stem augers (10" outside diameter, 4" inside diameter with split liners)
140 Ib "inhole sampling hammer dropped at 30" height by "Safe-T-Driver" hoist.
The overall efficiency of the hammer-hoist system is 68 %.
Undisturbed samples were taken using thin-walled Shelby tubes.
PGA is recorded in a four-story bUilding 1km west of Miller Farm as 0.39 g.
In Open File Report 95-663, Holzer et aI., the PGA was given as 0.53 g.
Watsonville region was shaken at MMI scale of 8.( - 0.25-0.50 g ?)..
The earthquake specific attenuation-relationship suggests for alluvium sites
at 4.6 miles (closest distance to the fault) -0.50-0.65 g.
A PGA value of 0.36 g was recorded at Watsonville
Based on site response analyses results, a PGA value of 0.41g is adopted
Strong ground motion lasted - 6 seconds.
CMF3-5-8-10 are - 1000 ft apart.
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Bennett and Tinsley, 1995, "Open File Report 95-663"
Lateral spread, slide, and sand boils.
Loc~tedatthe east of Watsonville, Monterey.
Both SPTandCPTtest lfIiereperformed. Surface samples
were taken. Grain .size characteristices were given in detail.
UsuallySPTswere.made 3-5 ft awayJromthe CPT boreholes to obtain
sample::;. SPT proceduresfollowed the guidelines outlined in 01586-67 (ASTM).
Hoilow-stemaugers (10" outside diameter,4" inside diameter with split liners)
140 Ib "inhole sampling D~rTlrl'l~r9r9PP~c:i~t>30" height by "Safe-T-Driver"hoist.
Th~ov~rall efficiency oftD.TDafl1.rl1Tr7hpist.~~!)tem is 68 %.
Undisturb~d..sample.s wTrTtakE!I1U~ing/tDin-\'J~lled Shelby tubes.
PGA is recorded in a four..~~pry9Uil~ipg1.K>rl1/yvest of Miller Farm asO.39 9
In Open File Report 95-69~'iH817~rE!t./~'.,mE!)eGA was given as 0.53 g.
Watsonviile regionwas!)D~k.~.l1at~Mls.cal~of8 ( - 0.25-0.50 g ?).
The earthquake specificattel1uation-relatiol1ship suggests for alluvium sites
at 4.6 miles (closest distance to the fault) -0.50-0.65 g.
A PGA value of 0.36 g was recorded at Watsonville
Based on site response analyses results, a PGA value of 0.46 g is adopted.
Strong ground motion lasted -6 seconds.
CMF3-5-8-10 are - 1000 ft apart.
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Depth (m) Depth (ft) CSR N CN CR (N1 )BO
6 19.7 0.258 9 1.10 0.92 10.3
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Boulanger et~I.(1996), "Liquefaction at Moass Landing During Loma
Prieta Earthquake"
Liquefaction-induced laWalsprTadingicaused extensive damageto the access
road. The tide gate was destroyed dueto)iquefactiOl"l.f1ow slid~.. R.0adsurface
slumping about 1.3 m. Lateral spreading ""ere Jough Iy 0.3-0.6.m horizontal with
vertical offset up to 0.3 m. Sand boils and ground cracks on the north side of
the access road.
Located on Monterey Bay about midway between the cities of Santa Cruz
and Monterey, CA.
The area is underlain by Holocene deposits consisting of relatively thicK sands
offshore .and estuarine and fluvial deposits onsrprT,uptp~b.out60~ll1deep.
The Moss Landing spit is underlain by littoral soilscomprisin~eolian, fluvial,
estuarine, and beach deposits of gravel, sand, silt, and clay deposited in a
shoreline environment within the zone of tidal fluctuation. Pleistocene and
miocene deposits extend to a depth of -2000 rn.
The upper 8-10 m of soils encountered were poorly graded, clean sands to
gravelly sands having no more than 3 % fines. Underlying the sands was a
complex sequence of interlayered clay, sand, and gravelly sand.
PGA is recorded in a four-story building 8km from rupture plane as 0.39 g
which is underlain by alluvium. Also San Juan Bautista seismogram, -20 km
from therHPtyrT'pI~nT.Tecorded 0.15 g (stiffal.luyiLlp").-IrT Moss Landing area
is located_21i~lT1froll1tbe rupture plane. Dy~tpiRElTgial.ILJvium which is soft
near thesLJ~~9T,g~~iat the site is predictedcbTl\'ITflQ/P.g-0.3g
PGA adoptTd.f9rmTi~n~IYSiS based on siteresp9nsT.~n~.lysesresufts (-0.29 g)
is slightly higher than the value suggested by theauthors.of the source document.
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Depth (m) Depth (ft) CSR N CN CR (N1)60
1.1 3.5 NA 4 2.00 0.66 6.6
1.8 6.0 0.183 5 1.88 0.73 8.6
2.6 8.5 0.219 4 1.74 0.78 6.8
3.4 11.0 0.243 6 1.63 0.82 10.0
4.1 13.5 0.256 8 1.54 0.86 13.2
4.9 16.0 0.262 9 1.46 0.89 14.5













Moss Landing State Beach UC-B2
Boulanger et al..(1996),. "Liquefaction at M8sS9nding During Loma
PrietaEarthqua~e" •..•...... // .. ..•.• ....•. .... .
Liquefaction-induced lateral spreacjipg causecjiextensive damag13Jp the access
road. The tide gate was destroyedp.ye toliqyefaction flow slide. Road surface
slumping about 1.3 m. Lateral spreading wereroughly 0.3-0.6 m horizontal with
vertical. offset upto 0.3 rn. Sand boils and ground cracks on the north side of
the access road.
Located on Monterey Bay about midway between the cities of Santa Cruz
al1dMonterey, CA.
The area is underlain by Holocene deposit~c8nsistingofrelativelythick sands
offshore and estuarine and fluvial depositsonshor~,9p..toabBut60-mdeep.
The Moss Landing spit is underlain by littoral soils comprising eolian, fluvial,
estuarine, and beach deposits of gravel, sand, silt, and clay deposited in a
shoreline environment within the zone of tidal fluctuation. Pleistocene and
miocene deposits extend to a depth of -2000 m.
The upper 8-10 m of soils encountered were poorly graded, clean sands to
gravelly sandshavingnpmore than 3 % fines. Underlying the sands was a
complex sequence ofinter layered clay, sand, and gravelly sand.
PGA is recorded in a four-story building 8krp from rupture plane as 0.39 g
which is underl~in by alluvium. Also Sanjuan Bautista seismogram, -20 km
from the rupture plane recorded 0.15 g (stiffaUuvium). The Moss Landing area
is locatr9;f.1 .. ~l'Tl.fr()rp the rupture plane.'D~r.t8.9r.rP alluvium which is soft
near tQei~urf~S13,(P8A at the site is precji9tedibE9t'tIJer8 0.2-0.3g
BasedppsitE9Jr.spggse analyses result~'~iF'.8,A,y~lur of· 0.24 g is adopted
whiChiT!~lightlyI8"Y~Jthanthe value sugge~tec:libythe authors of the
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Depth(m) Depth (ft) CSR N CN CR (N1 )60
1.1 3.5 NA 15 2,00 0.66 24.9
1.8 6.0 NA 11 1.83 0.73 18.3
2.6 8.5 NA 12 1.53 0.78 17.9
3.4 11.0 0.159 14 1.42 0.82 20.5
4.1 13.5 0.17.1 16 1.35 0.86 23.2
4.9 16.0 0.178 11 1.29 0.89 15.7
5.6 18,5 0.180 13 1.24 0.91 18.4













Mitchell et.al, (1994), "Insitu test results from fourLoma PrietaEarthquake
liquefEi.ctipDsites: SPT, CPT, DMT and ShearWave Velocity
Kayenet al.(1998), "Soil Liquefaction in the East Bayduringthe earthquake
§IQQificant settlements (mEix - 30 em.)occurredoyermost ofthe.fill.
Significant lateral spreading alongmost of the fiII,causinglongitudinal fissures.
A 10m diameter. 0.3 m high sand boil was observed in the pavedcontainer
south of the C.F.S. Building near Berth 38.
Locatedimmediately south.of the SanFrancisco- Oakland Bay Bridge
Most of the surfacefills at the Port of Oakland werehydraulically placedto
sea level, above which a combination of hydraulic fill and dumped fill was
placed. A relatively thick asphaltwas laid on top of the unimproved fill.
Underlain by 180m of stiffer Pleistocene glacialand interglacial deposits.
Upper3-4 m, surfacelayerof highpenetration resistance; belowthis layer lies
a looserdeposits of marinesand. Liquefaction appears to have occurred in the
depth rangeof 4-8 m.
PGAis recorded as 0.29 & 0.27g at the OaklandOuterHarborseismogram
Vihich is located on a 155m deep soil site.
PC3J\isestimated as 0.22 g basedon siter~sponseanalyses results.M.eCisurel11ents performed after the earthquake.
ThePQQ7-2 and P007-3 are approximately15mapart.
Summary of Data
This Study Fear et al This Study Fear et al
Liquefied? Yes yes 0 50 0.300± 0.030 ???
DataClass A % Fines 3.0 ± 1.0 sand sand sand
Critical DepthRange 18.0- 22.3 3 5.50 8.75 %PI
Depth to GWT (ft) 9.8 3m
crv(psf) 2320.4± 99.7 0.54 0.99 1.58kglcm2 N 12.7±3.0 10 10 12
crv' (psf) 1675.5 ± 142.2 0.54 0.741.00kg/cm2 CR 0.93
Iamax 0.220± 0.010 0.285 Cs 1.1 0.9rd 0.95± 0.018 0.97 0.95 0.91 Cs 1CSR 0.165 ±O.O14 0.18 0.234 0.266 CE 0.92
Equivalent Magnitude 7 CN 1.09 1.3 1.15 1.0
MSF (N1)60 13.0±3.1 11.7 10.4 10.8
CSRN 0.17 0.221 0.251
125
ConII PenelrnIilon Friction Rllltlo
RMlstmeil (%)
(UPIII)
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Depth (m) Depth (ft] CSR N CN CR (N1)60
5.15 16.9 0.152 35 1.15 0.90 36.5
5.55 18.2 0.152 10 1.13 0.91 10.3
6.05 19.8 0.152 16 1.10 0.93 16.4
6.6 21.7 0.150 12 1.07 0.94 12.2












Port of Oakland (P007-3)
Mitchellet al. (1994), "Insitutest results from four LomaPrieta Earthquake
liquefaction sites: SPT, CPT, DMT and Shear WaveVelocity
Kayenetal. (1998), "Soil LiquefactionirtreECistBCiY during the earthquake
Si9nifiC:<3nt.§~tt'ements(max - 30 crll.) pc:curred over most of the fill.
Significantlateral spreading along most ofthefiH, causing longitudinal fissures
A 10 m diameter. 0.3 m high sand boil was observed. in the paved container
south of the C.F.S. Building nearBerth 38.
Muddysand unit at depths 5e7 m
Located immediatelysouth of the San Francisco· Oakland Bay Bridge.
Mostof thesurface .mls i3tthe port ofOa~landvverehydrauHcallyplace9 to
seaJeyel,.apoye which.a combination of hydraulicfill an9. dump~d fill was
placed.A relatively thick asphaltwas laid on top of the unimproved fill
Underlain by 180m of stiffer Pleistocene glacial and interglacial deposits
Upper 3-4 rn, surface layerof high penetration resistance; Belowthis layer lies
a looserdeposlts of marine sand.
Borehole is characterized by high N values (-21) for the entire submerged
soil profile, except for a muddy-send unit between 5-7mdepth. Liquefled?
PGA is recorded as 0.29 &0.27g at the Oakland Outer Harbor seismogram
which is located on a 155 m deep soil site.
PGA ;:.. as 0.22 g based on site response analyses results.
Measurements performed after the earthquake.
.PQQ7-2and P007-3 are approximCitTly1~mCiPCirt.
(01-'1 (-22) at depth -6.6rn:99~~n8ti3Ppear on the borelog
spr'eaejsheet:gillen in Appedix of Mitchelietal.Elirninated for the
Summary of Data
This Study Fear (1995) This Study Fear (1995)
Liquefied? Yes Yes Dso 0.320± 0.020 ???
Data Class B % Fines 5.0 ± 1.0 sand sand/sand &finas
Critical Depth Range 19.7- 23.0 6.2 7.0m %PI
Depth to GWT (ft) 9.8 3m
crv(pst) 2452.4± 87.3 1.12 1.26 kg/em' N 13.0± 4.0 10.0 15.5
crv' (pst) 1735.9±91.5 0.80 0.86 kg/em' CR 0.94 Iamax 0.220 ± 0.010 0.285 Cs 0.9rd 0.83 ± 0.018 0.94 0.93 Cs 1CSR 0.164 ± 0.011 0.244 ·0.252 Ce 0.92
Equivalent Magnitude 7 CN 1.07 1.11 1.08
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Depth (m) Depth (ft) CSR N CN CR (N1)60
5.65 18.5 0..152 22 1.12 0.91 22.7
6.15 20.2 0.152 10 1.09 0.93 10.2
7.05 23.1 0.148 16 1.05 0.95 16.1











Port of Richmond (POR-2&3&4)
Mitchell et al. (1994), "Insitu test results from four Loma PrietaEarthquake
liquefaction sites: SPT, CPT, DMT and ShearWave Velocity
Kayen et al. (1998), "Soil Liquefaction In the East Bayduringthe earthquake
Four largeanda dozen smallersandboilsventedfine sand andsilty sand
form the underlying fill. Seepage continued for as long as 24 hours.
Ground settlement and minor lateral spreading both aprroximately 2-8 em.
The liquefied area Is a zone approximately 250 ft wide and 1000ftlong at the
foot of HarborWay Road.
The site represents the mostdistantpoint, approxlmately85km northof the
rupture zone. .. .. .. ., . .... •.•• ii<." ...
The liquef~8ti.on~pne overlies.deposit~of soft baymud, un.derIFinbY~~E!per
dElposits .of.stIIT"u..overconsolldFt"d.p.oppohesive and coh"sive SOilS'.i.>
l,lpto 0.8m9."pthlhe soil is cIlF.raRt"n~E!d by oxidized, tan-brown c;rusted
silty sand'P.~-1.8<rnoxidized tF.J1-pro'«Dsiity sand. 1.8-4.tirn .oxidized
tan-brownsFngyplay to reducEld~Fnclyplay.4.1-7.8 m,is a hydraulic fill layer
of olive-gr~tnre-Nlty sand con~Fjning~8ell fragments.
The thick deposits amplified the level of groundmotion at the site.
At adjacentsites (POR-3 & 4) SPT, CPT and shearwave velocity testswere
performed. POR-2&3&4are aprroximately 10-15mapart. Correlated?
PGA is estimated as 0.18 g by performing a site response analysis (SHAKE)
usingthe inputmotion from Richmond CityHall (PGA=0.13g -2km) by
Kayen et al. Basedon site response analyses results performed by using the
recording scaled to the geometric mean of the two orthonormal components.
PGA is estimated as 0.15.
The SPT910\lllcount ..11is el.iminateddue tounrepresi;ntativenature of It.
Depth to water table in Kayen elal.(1998) isreported .as 2.5m
contrary to 3.5 m reported in Mitchellet al. (19941,
Summary of Data
This Study Fear (1995) This Study Fear (1995)
Liquefied? Yes Yes 0 50 0.090± 0.010 ? ?
Data Class A % Fines 50.0 ±5.0 sand wt. fines sand
Critical DepthRange 19.0-13.1 5.25 7.25 %PI
Depth to GWT (ft) 11.5 2.5
cry (psf) 1388.1 ± 101.2 0.951.35 kg/em2 N 3.2 ± 1.0 2 4
cry' (psf) 1102.4± 80.4 0.67 0.85 kg/em3 CR 0.89
18 max 0.150± 0.013 0.16 Cs 1.1 0.9rd 0.71 ± 0.017 0.95 0.93 Cs 1CSR 0.090± 0.010 0.135 0.148 CE 0.92
EquivalentMagnitude 7 CN 1.35 1.2 1.08






















Stllllllanl Penotl'aIJan Boll Pron...1IeoI._
(blowalft)
Depth (m) Depth (ft) CSR N c, C. (N1)"
2.95 9.7 NA 2. 1.56 0.80 2.5
3.45 11.3 NA 1.44 0.83 3.8
3.85 12.6 0.093 1.41 0.84 2.4
4.35 14.3 0.098 1.38 0.67 3.6
4.75 15.6 0.102 1.36 0.88 3.6
5.25 17.2 0.105 2 1.33 0.90 2.4
5.25 17.2 0.105 3 1.33 0.90 3.6
5.65 18.5 0.107 5 1.31 0.91 6.0
5.65 18.5 0107 3 1.31 0.91 3.6
6.15 20.2 0.109 11 1.28 0.93 13.2
6.15 20.2 0.109 6 128 0.93 7.2
6.65 21.8 0.109 7 1.26 0.84 8.4
6.65 21.8 0.109 4 1.26 0.94 4.8
7.05 23.1 0.109 7 1.24 0.95 8.4
7.55 24.8 0.108 4 1.22 0.97 4.8
7.95 26.1 0.107 2 1.20 0.98 2.4

































Sandholdt Road UC"B1 0
80ulangeret al. (1996), "Liquefaction atMoss Landing During Loma
PrietaEaqpquake"
Extensivegrounddefol1Tlations were observed along Sandholdt Road,
including theportion alongside the MBARI factlltles, Cracksparallelito the front
line,Awayfrom Sandholdt Road, surfaceevidence of liquefactionappeared to
occur in localized areas.
Located on MontereyBay aboutmidwaybetween the cities of Santa Cruz
and Monterey, CA.
The MBARI facilities includethreemain buildings and a pier locatedalong
Sandholt Road on the Moss Landing spit. Historical shorelinesuggestthat
the shoreline in the vicinity of the site has fluctuated significantly, Shallower
soil stratamay havebeendeposited recently.
The area is underlain by Holocene deposits consisting of relativelythick sands
offshore andestuarineand fluvialdepositsonshore, up to about 60-m deep,
The Moss Landing spit is underlain by littoralsoils comprising eolian, fluvial,
estuarine, and beach deposits of gravel, sand, silt, and claydeposited in a
shoreline environment within the zone of tidal fluctuation, Pleistocene and
miocenedeposits extend to a depth of -2000 m
The site is underlain by an 8-12 m thick layerof poorlygradedsand with
interlayers of gravellysand and sandy gravel in its lowerportion and occasional
thin layers of clayeysilt throughout.
PGA is recorded in a four-story building 8km from rupture plane as 0.39 g
which is underlain by alluvium. Also San Juan Bautista seismogram, -20 km
from the rupture planerecorded 0,15 g (stiff alluvium). The Moss Landingarea
is located -21krn from the ruptureplane, Due to deep alluvium which is soft
near the sUrfac~'JeG~~tith~site is predictedintheran~~.of 0.2-0,3g,
PGA is choseniforth~<ag.~.lysisas 0,26 g alrno.!;t iderticCllwith the value chosen
by the author!;oflht;sQurc.edocument (0,25g)
-30 ft awayfrom 30 degree 15' slope.
































































Depth (m) Depth (ft) CSR N CN CR (N1 )60
2.5908 8.5 0.203 10 1.75 0.78 17.1












San Francisco Oakland Bay Bridge (SFOBB-1&2) ,
Mitchell et al. (1994), "Insitu test results from four Loma Prieta Earthquake
liquefaction sites: SPT, CPT, DMT and Shear Wave Velocity
Kayen et al. (1998), "Soil Liquefaction in the East Bay during the earthquake
, Significant settlements (max - 40 em.) occurred over most of the mole.
In some places differential settlements produced hummocky surface with
permanent waves as large as 15 em in amplitude.
Significant lateral spreading along most of the fill, causing longitudinal fissures.
Many of the fissures exuded fine to silty sand. Numerous sand boils erupted
along the median strip of the roadway. Fissure width openings -7-8 em and
exhibited maximum differential vertical offset of 3-5 em,
The San Francisco- Oakland Bay Bridge mole (peninsula-approach fill)
is located at immediate south of Emeryville.
SFOBB-1 was drilled at the eastemmost end of the Toll Plaza Parking lot.
~~:~:~~~~~ea~~~~r~::~~~ generation during cone penetration until bay mud
0-2.8 m depth, moderately dense surface crust; 2.8-4.5 m interbedded
sequence of cohesionless silty sand and cohesive clay. Between 4.5 to
~~5m:~~:~~::S~~:lret~Se;::~i~;~t~t 1:;6~ :1~::t~~MPa. Drill rod and
PGA is recorded as 0.29 & 0.27 at the Oakland Outer Harbor seismogram
which is located on a 155 m deep soil site.
PGA is estimated as 0.25 9 based on site response analyses results.
Depth to water table in Kayen et al. (1998) is reported as 2.0 m
contrary to 3.0 m reported in Mitchell et al. (1994).
Measurements performed after the earthquake.
The measurements could be correlated with SFOBB-2.
Summary of Data
This Study Fear (1995) This Study Fear (1995)
Liquefied? Yes . Yes D50 0.280 ± 0.010 ?
Data Class A % Fines 8.0 ± 3.0 sand sand
Critical Depth Range 18.0 - 23.0 6.7m 6.1m %PI
Depth to GWf (tt) 9.8 2.0m
cry (psf) 2460.6± 118.0 1.10 kg/cm2 N 7.5 ± 2.0 1 5
cry'(psf) 1795.3 ± 101.8 0.69 kg/cm2 CR 0.93 Iamax 0.270 ± 0.010 0.285 Cs 1.2 0.9rd 0.77 ± 0.013 0.93 0.94 Ca 1CSR 0.190± 0.010 0.283 0.278 Ce 0.92
Equivalent Magnitude 7 CN 1.06 1.15 1.18



























10 +-1---+-1----1-, .of!"=""I--I---+ +---+:::>-.1----1- +--hHR4
--12 +--1---+-1----1- +-1--1---+ +---+--+--+ +-.il-HR-I- l' , s:
2 010 20 so 40 so> Endof Boring
[6 -I-"'oI:--I'--+'--+-+;::; ~;;;..p."""i- -!--l---I."--.j..
Is +-:iit-4-!--+ .~+-+----1-+-+-+-+
Depth(m) Depth (ft) CSR N CN CR (N1)60
5.2 17.1 0.184 28 1.12 0.90 30.9
5.6 18.4 0.184 10 1.09 0.91 11.0
5.6 18.4 0.184 17 1.09 0.91 18.6
6.1 20.0 0.183 5 1.06 0.93 5.4
6.1 20.0 0.183 13 1.06 0.93 14.1
6.6 21.7 0.180 1 1.04 0.94 1.1
6.6 21.7 0.180 6 1.04 0.94 6.4
7 23.0 0.177 8 1.02 0.95 8.5
7 23.0 0.177 6 1.02 0.95 6.4




















No surface '7Vi9'7,n~9f,I,iquefaction; however significant changeipf[El8H,'7Rcy
~~;t~~t of thB;7r~u~~(0~tionafter 15 s. compared to the recorded motion at
Treasure ISICl,I"lRj~a~88_acremanmade island immediately northwest of the rock
outcrop on Yer~Cl~uEll'la)lsland in San Francisco Bay, Thi:l priginal surface
soils included a shallow-water sandbar or spit extendingnprth....,El~tward from
Verba Buena Island, and soft silty clay known as bay mud surrounding the
sandbar to the north and east. Approximately 65% of the island was built on the
sandbar and the rest on the bay mud. Treasure Island was constructed by
hydraulic and clamshell dredging. A perimeter rock dike was built in two to four
stages on a bed of coarse sand placed over bay mud. The structure is essentially
an upstream-constructed hydraulic fill.
The soils on Treasure Island may be grouped into four broad categories: fill,
native shoal sand.recent bay sedimentary deposits, and older bay sedimentary
deposits. B9th the fill and native shoal sandconsist§predomirantly of sand and
varying amounts of clay, silt and gravel; however, thEl fill is somewhat looser.
The depth and thickness of soil layers VClry~ignificaptly around the island. The
tqIcknessofJh,e fill and native shoal sardrCinges frorn 10.7 m at the south end
to 15.2 m in,the north. The depth of reci:lnt bay sedimentary deposits ranges from
,10.7min the south. BEldrockelevation has been confirmed at adepth of 85 m.
PGA is recorded on Verba Buena Island as 0.06 and 0,03g (rock outcrop)
and 0.16 arid 0.11 g onTreasurelsland.
A PGA valueofO.18 g is adopted based on response analyses results.
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Depth(m) Depth (ft) CSR N CN CR (N1)60
2.7 8.9 0.150 9 1.74 0.79 15.4
4.2 13.8 0.167 5 1.52 0.86 8.1
5.2 17.1 0,168 5 1.41 0.90 7.9
6 19.7 0,166 0 1,34 0.92 0.0
7 23.0 0,159 7 1.26 0.95 10.5
7.9 25.9 0.151 5 1.20 0.98 7.3


















Boulangeret al.(1996), "Liquefaqtion at Moss Landing During Lama
PrietaEarthquake"
Liquefaction-induced groundspre~ding was evident across much of the site.
Along the shoreline, jetty pileswere displaced horizontally, and the boat ramp
and adjacentasphaltpavementexperienced cracking and settlement. Several
cracks up to 5 cm wide. The oil and gastanks settled and tilted 1_6°. Gray
coarse to medium grained sand was ventedthroughsome of the cracks.
Sand dikes were traced from the ground surface to a depth of about0,8 m
through a gravellysand and gray, medium-grained sand to a gray silty sand,
Located on Salomon Way off SandholdtRoad near the northern end of the
Moss handing spit~nd alpngthe§outh~Wbor.
The WoodwardMarine facilities include a boat launch ramp, fuel service dock
and oil and gas storagetanks.
The Moss Landingspitis underlain by littoral soils comprising eolian, fluvial,
estuarine, ClQd beach deposits.of gravel, sand, silt, and claydeposited in a
shoreline environmentwithin the zone of tidal fluctuation, Pleistocene and
miocene d13Posits.extend to a depth of -2000 m.
A -1m thick layerof si3ndy fill blankets the site. By the shoreline, the fill is
underlain by a roughly 2.2m thick leyerofsanpand silty sand. By the fuel
tanks, the fill is underiainbya1.~?rnthickJayerof soft silty sand, sandy silt
and silt.This soft layerofsiltysand to siltisund~r1ain by a thin zone of sand
which appearssimilar to the sand encountered at similardepths near the
shoreline. These materials are underlain by a - 2m thick layerof denser sand.
Beneath this. layer, there is a layerof high plasticityclaywith interlayers of
dense silty sand and sand.
PGA is recorded in a four-storybuilding8 krn.from ruptureplane as 0.39 g
which is underlain by alluvium. Also Sab Juan Bautista seismogram, -20 km
from the ruptureplane recorded 0.15 g (stiff alluvium). The Moss Landing area
is located -21 km from the rupture plane, Due to deep alluvium which is soft
near the~urfac.e,f'(3~at the site is predictedbetyJe~n 0.2-0,3g.
PGA isp.hosenforth~enalysis as 0.25 gsarnea~th~value chosen by
the authorspf thesource document. Also site responseanalyses results
supported this conclusion.






































































































Depth (m) Depth (ft) CSR N CN CR (N1 )60
1 3.3 0.159 6 2.53 0.66 10.0
1.5 4.9 0.200 6 2.31 0.70 9.8











No surface evidence of liquefaction
The Luzon, Philippines Earthquake ofJuly 16, 1990 occurred result of
relative movement bet.yeenthe. Eurasian and Philippine A fine soil
layer with SPT-values between 10 and40, exists near the surface or
several meters below it. Uriderthislayer, there exists a containing
silt and clayey layer. The ground surface. is composed of soil, which is
thought to be fill..as well asn~turallE:vee and or point-bar delJ,.osi1:s, or clayey
soil from back marsh or swamp deposits. The thickness of layer
is on the order of 5-10 m. In addition the unliquefied thin, being
less than 3 m deep.
The SPT energy used in Philippines is about half of the Japanese energy values.
PGA was estimated as 0.2 g in the source document. PGA contour maps
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Depth (m) Depth (tt) C5R N CN CR (N1)ao
2.6 8.5 0.169 25.0 1.54 0.83 20.7
4.1 13.5 0.203 43.0 1.35 0.89 33.5
5.6 18.4 0.217 35.0 1.21 0.94 25.9















Cracks, lateral spread and
The Luzon, Philippines as result of
relative movement between the plate. A fine soil
layer with SPT~values between surface or
several meters below it. layer containing
silt and clayey layer. The soil, which is
thought to be fill,as well as and or clayey
soil from back marsh or swamp deposits. The layer
is on the order of 5-10 m. In addition the unliquefied layer above it is thin, being'
less than 3 m deep.
The SPT energy used in Philippines is about half of the Japanese energy values.
PGA was estimated as 0.2 g in the source document. PGA contour maps
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Depth (m) Depth (tt) CSR N CN CR (N1)60
4.2 13.8 0.205 15.0 1.34 0.89 11.6
5.7 18.7 0.217 21.0 1.20 0.94 15.5
7.2 23.6 0.217 25.0 1.11 0.98 17.6
8.7 28.5 0.207 16.0 1.03 1.00 10.7













Ishihara et al (1981)
Fear et.al. (1995)
t-J.q/~ignificant pore pressure generation
8,%ilsl~nd No 1 is located on the west side of TClkYClBay. The island. was
fEl81~irnTd from 1961 to 1969 '.'lith soils dredged fom the.nearby seabed to open
~Jlavigation rqute.Soils with differer'lt grain sizes were transporte.g in slurry
through pipes and discharged in the area. When the. sqilsuJiace reached the
sealevel., several kinds of waste soils were dumped oniopof the dredged fill.
and al.luvialdeposits to.200~300'.ln the vicinity of river thegroundisrelatively
Two setqf piezometers were embedded at tvv0depths,land llWl3reinstalled 5m
apart at depths of 6 and 13 m.llland .IVwere also embTddedYrn apart at
depths.9 and 14 m parallel to, and 5 mfrprn/the first set.~ seismograph
was in~talled at the surface. A PGA .of 45 gaLdue;t0a small magnitude EQ
Mw -4-yhas not triggered the pore pressuretransducTrs.
Piezometers I and II were destroyed during the earthqU~kT' The epicenter was
located 15 km southeast of the City of Chiba, and had a Jocal c1epth of-20 km.
The intensity of shaking sorrounding the Tokyo Bay was V (JMAS).
PGA was recorded as 95 and 65 gal respectively in two normal directions
Pore pressure started to increase after the PGA exceeded 60 gal and excess
pore pressure reached to the maximum values of 0.75 and 1.32 m at depths
6 and 14 m. 50 % of the excess pore pressure dissipated within 10 seconds.
No excess pore pressure remained at depth 14 m (FC=27) after 2 hours.
Seed et al estimated the CSR that will trigger the liquefaction based on
laboratory test results on frozen samples. It is believed that he used number of
cycles of 5-6 to represent a M=6.1 earthquake. CSR that will cause liquefaction
in 5-6 cycles was predicted for depths 4.9 and 13.9 as 0.37 and 0.35 respectively.
based on lab data. The CSR estimated due to earthquake was estimated as
0.232 and 0.224. So he predicted that a PGA of 0.145g (-1.5xO.95) would
cause liquefaction. CSR estimates were not multiplied by 0.65
SPT values were taken before the earthquake.
SPT energy is estimated as 65 % by Seed et al. (84)
Summary of Data
This Study Seed et aL(84) This Study
Liquefied? No No 0 50 0.180 ± 0.020
Data Class A % Fines 13.0±1.0
Critical Depth Range 13.1 - 23.0 20 %Pl
Depth to GWT (ft) 3.0 ± 1.0 3
crv(psf) 1879.7 ± 179.0 2260 N 4.6 ±OA
cry' (psf) 940.9 ± 102.7 1200 CR 0.86
amax (g) 0.095 ± 0.001 0.1 Cs 1
rd 0.75 ± 0.076 0.96 Cs 1
CSR 0.092 ± 0.011 0.12 Ce 1.09
Equivalent MagnitUde 6.1 CN 1.46





























Depth (m) Depth (tt) CSR N CN CR (N1)60
4 13.1 0.097 4 1.65 0.79 5.7
5 16.4 0.094 9 1.52 0.84 12.5
6 19.7 0.089 5 1.41 0.88 6.7
7 23.0 0.083 5 1.32 0.91 6.6
8 26.2 0.076 3 1.24 0.94 3.8
9 29.5 0.069 2 1.18 0.97 2.5
10 32.8 0.063 2 1.13 1.00 2.5
11 36.1 0.058 3 1.08 1.00 3.5
12 39.4 0.053 5 1.04 1.00 5.7
13 42.7 0.050 3 1.00 1.00 3.3
14 45.9 0.047 4 0.97 1.00 4.2
15 49.2 0.045 4 0.94 1.00 4.1














Ishihara et al (1981)
Fear etal. (1995)
No significant pore pressure generation
Owi Island is located onthev.'~st side of Tokyo Bay.,.heJsland was
reclaimed from) 961 to 1969 with soils dredged fomth~gearb¥ seabed to open
a navigationroute.Soils with different grain sizes weretransported in slurry
throughp.ipes and discharged in(the area. When the soil surface reached the
sea leV~I, several kinds of waste soils were dumpedortop ofthe dredged fill.
and alluvial deposits to 200-.300'. In the VicinityPfriYl3rthegrouncj is relatively
"v.'O~~t of piezometers were embedded. at two depths,1 and .Hlfiere installed 5m
13P(lrt;.~t depths of 6 and 1.3 m.1I1 and IV v.'erealso~mbedded 5 m apart at
g~pth~;6 and 14 m parallel to, and 5 mJromthe firstsEltA seismograph
v.'13.~i.rstalledat the surface. A PGA of45 gal due toasfTlall magnitude EQ
Mw -4c5 has not triggered the pore pressure transdY.c~rs.
Piezometers I and Hwere destroyed during the earthqu(lke. Tn~epjcenter was
located 15 km southeast ofth~ CityofChiba, and had a focal depth of -20 km.
The intensity of shaking sorrounding the Tokyo Bay was V JMAS
PGA was recorded as 95 and 65 gal respectively in two normal directions
Pore pressure started to increase after the PGA exceeded 60 gal and excess
pore pressure reached to the maximum values of 0.75 and 1.32 m at depths
6 and 14 m. 50 % of the excess pore pressure dissipated within 10 seconds.
No excess pore pressure remained at depth 14 m (FC=27) after 2 hours.
Seed et al estimated the CSR that will trigger the liquefaction based on
laboratory test results of frozen samples. It is believed that he used number of
cycles of 5-6 to represent a M=6.1 earthquake. CSR that will cause liquefaction
in 5-6 cycles is predicted for depths 4.9 and 13.9 as 0.37 and 0.35 respectively.
based on lab data. The CSR estimated due to earthquake was estimated as
0.232 and 0.224. So he predicted that a PGA of 0.145g (-1.5xO.95) would
cause liquefaction. CSR estimates were not multiplied by 0.65
SPT values were taken before the earthquake.
SPT enemy is estimated as 65 % bv Seed et al. (84)
Summary of Data
This Study Seed et al (84) This Study Seed et al
Liquefied? No No 050 O.170± 0.020 0.17
Data Class C % 27.0±1.0 27
Critical Depth Range 42.7- 52.5 47 %PI
Depth to GWT (ft) 3.0 ± 1.0 3
crv (psf) 4980.1 ± 218.9 5310 N 3.6 ± 0.6 4
crv' (psf) 2198.8 ± 162.4 2560 CR 1.00
amax (g) 0.095± 0.001 0.1 Cs 1
rd 0.33 ± 0.149 0.79 Cs 1
CSR 0.046± 0.021 0.105 CE 1.09 1.09
Equivalent Magnitude 6.1 CN 0.95 0.88










































Depth (m) Depth(ft) CSR N CN CR (N1)60
4 13.1 0.097 4 1.65 0.79 5.7
5 16.4 0.094 9 1.52 0.84 12.5
6 19.7 0.089 5 1.41 0,88 6,7
7 23,0 0.083 5 1.32 0.91 6.6
8 26.2 0.076 3 1.24 0.94 3.8
9 29,5 0.069 2 1.18 0,97 2.5
10 32.8 0.063 2 1.13 1.00 2.5
11 36.1 0,058 3 1.08 1.00 3.5
12 39.4 0,053 5 1,04 1.00 5.7
13 42,7 0.050 3 1,00 1.00 3.3
14 45.9 0,047 4 0.97 1,00 4.2
15 49,2 0,045 4 0,94 1.00 4.1














Tohno et al. (1981)
Fear et al. (1995)
No apparent evidence of liquefaction
The site is located in Watari Town, district of Arahama.
Prior to the main shock ofM=7.4, an earthquake of magnitude 6.7 occurred.
Onlythe Nakamura site liquefied duringthis earthquake.
The subjectzone is seismically very activeand-had beenshaken in 1897 and
1936by earthquakes of M~Qnit~des7.3.~.Qd7.7
Arahama area is covered with very soft sandydeposits; about9 m hi thickness,
N values generally less than 10.
SPTvalues.weretaken before main earthquake (M=7.4) in 1974













































































Depth (m) Depth (ft) CSR N CN CR (N1)60
2.0 6.6 0.094 4 2.00 0.80 7.0
3.0 9.8 0.105 6 1.79 0.85 9.9
4.0 13.1 0.110 8 1.60 0.89 12.4
5.0 16.4 0.112 12 1.46 0.92 17.6
6,0 19.7 0.110 10 1.35 0.95 14.0
7.0 23.0 0.107 11 1.26 0.98 14.8








References: Tsuchida et al (1979, 1980) Tonne et al. (1981)
Fear et al. (1995)
Nature of Failure: No surface evidence of liquefaction
Comments: Prior to the main shock ofM=7.4, an earthquake of magnitude 6.7 occurred.
Only the Nakamura site liquefied during this earthquake.
The subject zon!: is seismically very active and had been shaken in 1897 and
1936 by earthquakes of Magnitudes 7.3 and 7.7
The original Tsuchida(1979) paper (in Japanese) could not be accessed.
However the same author's paper of 1980 in English was used to obtain
borelogs. Hiyori-18 site was claimed by Tokimatsu (1993) to be by Site C.
SPT energy was estimated as 65 % by Seed et al. (84)
Summary of Data
This Study Seed et al (84) This Study Seed et al
Liquefied? No No 0 50 0.150±0.030 0.15
Data Class B % Fines 20.0 ± 3.0 20
Critical Depth - 13.1 %PI
Depth to ± 1.0 11 N fines
CJv(psf) 1092.9 ± 97.6 2040 N 9.1±1.8 9
av' (psf) 926.7 ± 74.5 1480 CR 0.86
amax (g) 0.140 ± 0.028 0.14 Cs 1
rd 0.96 ± 0.048 0.96 Cs 1
CSR 0.103 ± 0.023 0.12 CE 1.09 1.09
Equivalent Magnitude 6.7 CN 1.47 1.15
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Depth (m) Depth (ft) CSR N CN CR (N1)60
3.0 9.8 0.100 9.0 1.50 0.85 12.5
5.0 16.4 0.121 17.0 1.29 0.92 22.1
7.0 23.0 0.126 22.0 1.15 0.98 27.0
9.0 29.5 0.121 20.0 1.05 1.00 22.9
11.0 36.1 0.109 18.0 0.97 1.00 19.0
Mean: 12.5











Ishihara et al. (1980)
Fear et al. (1995)
No surface evidence of liquefaction
Priort() the main shock of M=7.4, an earthqu~ke of.magnitude 6.7 occurred,
Only the Nakamura site liquefied during ibis earthquaKe.
The subJf3clzone is seismically veryactiveand had been shaken in 1897 and
1936 by the earthquakes of Magnitudes 7.3 and 7,7
T~~.. ~.ite, is near the fishery p()rtinthe<city Prl s~if"l6I1)aki.L()os~ s~nd
deposit to a depth of 12 m has blpw countyaluesontgeprcJerof5,The site
has been improved by vibroflotation and compaction piles in 1975.
No significant change in SPT values before and after the earthquake.
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Depth (m) Depth (ft) CSR N CN CR (N1)aD
1.0 3.3 NA 3.0 2.00 0.73 4.8 t
2.0 6.6 0.092 4.0 1.96 0.80 6.8
3.0 9.8 0.107 4.0 1.74 0.85 6.4
4.0 13.1 0.114 4.0 1.58 0.89 6.1
5,0 16.4 0.115 4.0 1.46 0.92 5.9
6.0 19.7 0.112 4.0 1.36 0.95 5.7
Mean: 6.2
St. Dev. 0.5





References: Iwasaki et al. (1981) Tohno etal. (1981)
Fear et al. (1995)
Nature of Failure: No surface evidence of liquefaction
Comments: Prior to the main shock of M=7.4, an earthquake of magnituge 6.7 occurred.
Only the Nakamura siteliquefied duringthis~arthquake.
The subject zone is seismic~lIyveryactive. and had been shaken in 1897 and
1936 by the earthquakes of Magnitu9~s7.3~nd 7.7
SPT values were taken after main earthquake (M=7.4)
SPT enerov was estimated as 60 % by Seed et al. (84)
Summary of Data
This Study Seed et al (84) This Study Seed et al
Liquefied? No No 050 0.530 ± 0.100 0.53
Data Class B % Fines 5.0 ±2.0 5
Critical Depth Range 9.8 - 13.1 11 % PI
Depth to GWT (ft) 9.8 ± 0.5
crv(pst) 1115.5 ± 72.9 N 11.1 ± 2.1 11
crv' (pst) 1013.1 ±53.7 CR 0.87
amax (9) 0.140 ± 0.028 Cs 1
rd 0.85 ± 0.052 0.98 Cs 1
CSR 0.085 ± 0.018 0.095 CE 1.00 1
Equivalent 6.7 CN 1.41 1.24
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Depth (m) Depth (ft) CSR N CN CR (N1)60
1.0 3.3 NA 4.0 2.0 0.73 5.9
2.0 6.6 NA 4.0 1.8 ·0.80 5.7
3.3 10.7 0.1 11.0 1.4 0.86 13.5
4.3 13.9 0.1 3.0 1.3 0.90 3.6
5.3 17.2 0.1 2.0 1.2 0.93 2.3
Mean: 13.5












Tsuchida et al (1979, 1980) Tohno et al. (1981)
Fear et al. (1995)
No surface evidence of liquefaction
Prior to the main shock ofM=7,4, an earthquake of magnitude 6.7 occurred.
Only the Nakamurasite liquefied during tpisearthquake.
The subject zone is sei7rnically very adivElClnd had been sha.ken in 1897 and1936 by the earthquakes of Magnitudes 7.3 and 7.7
The original Tsuchida (1979) paper (in Japanese) could not be accessed.
However the same author's paper of 1980 in English was used to obtain
borelogs. Nakajima 18 site was claimed by Tokimatsu (1993) to be by Site A.













































































Depth (m) Depth (ft) CSR N CN CR (N1 )60
2.5 8.2 0.089 5.0 1.57 0.82 7.1
4.0 13.1 0.109 10.0 1.37 0.89 13.2
5.5 18.0 0.117 14.0 1.23 0.94 17.6
7.5 24.6 0.114 23.0 1.09 0.99 27.1
9.5 31.2 0.104 17.0 1.00 1.00 18.5













Iwasaki et al. (1978)




The site is located in the.lnsldebase to.wards then~rt? ~nd ?fanembankment
along the left bank of the Natori River. .>. .. -. ..i ..
Prior to the main shock0f.~::7.4.an.earthquakeofmagnitude 6.7 occurred.
Only the Nakamura site liquefiedduring this earthquake.
The subject zone is seismicallyvery active and had beeh shakeh ih 1897 and
1936 by the earthquakesof Magnitudes 7.3 and 7.7
SPTvalues were taken after main earthquake (M=7.4)
















































































30.0 30.0 - -
, ,
-I -,
Depth (m) Depth (ft) CSR N CN CR (N1)60
1.0 3.3 0.113 4 2.00 0.73 5.9
2.3 7.4 0.146 3 2.00 0.81 4.9
3.3 10,7 0.156 5 1.92 0.86 8.2















Iwasakiet al. (1978) Tohno et al. (1981)
Fear et al. (1995)
No surface evidenceofliquefaction
The site is located in the outside base at'the north end of an embankment
along the left bank onh13iN~tClriRiyer.
Prior to the main shock of ~=7.4, an earthqy~keqfmagnitude6.7 occurred.
Only the Nakamura. sitediquefied during this earthquake.
The subjectzone is.§ei§rTligaIlYV13ry acti\,eand had been shaken in 1897 and
1936 bythe earthquakes of Magnitudes7.3 and 7.7
SPT valueswere taken after main earthquake (M=7.4)
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I f I 30.0
Depth (m) Depth (ft) CSR N CN CR (N1 )60
1.2 3.9 NA 7 2.00 0.75 10.5
2.2 7.2 0.103 3 1.94 0.81. 4.7
3.2 10.5 0.118 7 1.73 0.86 10.3
4.2 13.8 0.127 14 1.57 0.89 19.7
Mean: 10.3











Iwasaki et al. (1978) Tohno et al. (1
Fear et al. (1995)
A.S. Cakmak (1986) "Soil Liquefaction Studies in Japan", Vol. 5 No.1 Jan 1986,
Soil Dynamics & Earthquake Engineering.
No surface evidence of liquefaction
Prior to the main shock of M=7.4, an earthquake of magnitude 6.7 occurred.
Only. the Nakamura site liquefied during this earthquake.
The subject zone is seismically very active and had been shaken in 1897 and
1936 by earthquakes of Magnitudes 7.3 and 7.7
Iwasaki et al (1978) paper did not mention Oiiri sites. However Cakmak et al
gave a representative depth vs. N profile for Oiiri 1
SPT values were taken after main earthquake (M=7.4)
SPT energy is estimated as 60 % by Seedet al. (84)
Summary of Data
This Study Seed et al (84)
Liquefied? No No 0 50
Data Class B % Fines
Critical Depth Range 14.0·25.0 21 %PI
Depth to GWT (ft) 14.0± 2.0 14
O'v(psf) 1907.5 ± 227.9 2220 IN
O'v' (psf) 1564.3 ± 177.7 1780 ICR
amax (g) 0.140 ± 0.024 0.14 ICs
rd 0.73± 0.081 0.95 ICa
CSR 0.081± 0.018 0.11 ICe
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Depth (m) Depth (ft) CSR N CN CR (N1 )60
2.0 6.6 NA 2 1.79 0.80 2.9
5.0 16.4 0.079 9 1.18 0.92 9.8
10.0 32.8 0.069 3 0.97 1.00 2.9
15.0 49.2 0.057 45 0.84 1.00 37.8
20.0 65.6 0.056 4 0.75 1.00 3.0
Mean: 9.8












Tsuchida et al (1979, 1980) Tohno et al. (1981)
Fear et al. (1995) Tokimatsu (1983)
No surface evidence of liquefaction
Prior to the main shock ofM::7.4, an earthquake of rnagnitude 6.7 occurred.
Only Nakamura site liquefied during this eartttquake,
The subject zone is seismically very active and had peen shaken in 1897 and
1936 by the earthquakes of Magnitudesz.~and 7.7
The original Tsuchida (1979) paper (in Japanese) could notb.e accessed.
However the same a.uthor's paper of 1980in English was used to obtain
borelogs. Shiomi 6 site was identified as Site D by Tokimatsu (1983).























































































Depth (m) Depth (ft) CSR N CN CR (N1 )60
2.0 6.6 NA 3.0 1.75 0.80 4.6
4.0 13.1 0.111 6.0 1.38 0.89 8.0






Location: Yuriage Bridge 1
References: Iwasaki et al. (1978) Tohno et a!. (1981)
Fear et al. (1995)
Nature of Failure: No surface evidence of liquefaction
Comments: Prior to the main shock of M=704, an earthquake of magnitude 6.7 occurred.
Only the Nakamura site liquefied during this earthquake.
The subject zone is seismically very active and had been shaken in 1897 and
1936 by the earthquakes of Magnitudes 7.3 and 7.7
SPT values were taken after main earthquake (M=704)
SPT enercv was estimated as 60 % by Seedet a!. (84)
Summary of Data
This Study Seed et al (84) This StudY Seed et al
Liquefied? No No D50 0.400 ± 0.100 004
Data Class B % Fines 5.0 ± 1.0 10
Critical Depth Range 9.8-13.1 14 %PI
Depth to GWT (ft) 5.6 ±1.0 6
av(psf) 1146.5 ± 67.0 1680 N 3.0 ± 1.3 4
av' (psf) 7~p.o±R5.9 1180 CR 0.87
amex (g) 0.120±0.O24 0.12 (35 1
rd 0.94 ± 0.051 0.97 Cs 1
CSR 0.108 ±0.024 0.11 CE 1.00 1
Equivalent Magnitude 6.7 CN 1.60 1.27
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Depth (m) Depth (tt) CSR N CN CR (N1)60
1.0 3.3 NA 13 2.00 0.73 19.1
2.0 6.6 0.084 7 1.87 0.80 10.4
3.0 9.8 0.102 2 1.68 0.85 2.8
















Iwasaki et al. (1978) Tohnc et al. (1981)
Fear et al. (1995)
No surface evidence of liquefaction
Prior to the main shock of M=7.4, an earthquake of magnitude 6.7 occurred.
Only the Nakamura site liquefied during this earthquake.
The subject zone is selsrnlcallyvery active and had been shaken 1897 and
1936 by earthquakes of Magnitudes 7.3 and 7.7
Gravel percent exceeds 20% l:ly"",eight. (Seedet ai, 84)
SPT values were taken after mi3inearthquak('; (M::7.4)
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Depth (m) Depth (ft) CSR N CN CR (N1 )60
1.0 3.3 NA 2 2.00 0.73 3.3
2.0 6.6 0.099 10 1.99 0.80 17.8
3.0 9.8 0.117 13 1.76 0.85 21.7















Iwasaki et al. (1978) Tohno et al. (1981)
Fear et al. (1995)
No surface evidence of liquefaction
Prior to the main shock of M=7A,~ne~rthquake of magnitude 6.7 occurred.
Only the Nakamura site Iiquened during this earthquake.
The subject zone is seismically very active and had been shaken in 1897 and
1936 by the earthquakes ofM~gnituges 7.3 and 7.7
SPT values were taken after main earthquake (M=7.4)
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Depth (m) Depth (tt) CSR N CN CR (N1 )60
1.0 3.3 0,141 4 2.00 0.73 5.9
2.0 6.6 0,160 6 2.00 0.80 9.6
3.0 9.8 0.166 8 2.00 0.85 13.5
4.0 13.1 0,167 8 1.82 0.89 12.9















Iwasaki et al. (1978) Tohno et al. (1981)
Fear et al. (1995)
No surface evidence of liquefaction
Prior to the main shock of ~=7 .4,.anearthquake 9f magnitude 6.7 occurred.
Only the Nakamura site.Hqut';fied during this earthquake.
The subject zone is seismicCl"yvery active and had been 1897 and
1936 by the earthquakes ofMagnitudes 7.~ and 7.7
SPT values were taken a~er main earthquake (M:::7.4)

















































































30.0 - - - - - 1- - -
I
CSR
Depth (m) Depth (ft) CSR N CN CR (N1)60
2.3 7.4 0.086 3 1.79 0.81 4.4
3.3 10.7 0.101 2 1.62 0.86 2.8
4.3 13.9 0.109 1 1.49 0.90 1.3
5.3 17.2 0.112 2 1.38 0.93 2.6














Iwasaki et al. (1978) Tohno et al. (1981)
Fear et al. (1995)
No surface evidence.ofliquefaction
Prior to the main shock of M=7.4, an earthquake of magnitude6.7 occurred.
Only the Nakamurasite liquefiedduring this earthquake.
The subjectzone is seismicallyvery active and had been shaken in 1897 and
1936 by the earthquakesof Magnitudes 7.3 and 7.7
SPT valueswere taken aftermain earthquake (M=7.4)










































































































Depth (m) Depth (ft) CSR N CN CR (N1 )60
1.5 4.9 0.106 2 2.00 0.77 3.1
2.5 8.2 0.127 8 2.00 0.82 13.2
3.5 11.5 0.138 4 1.77 0.87 6.2
4.5 14.8 0.142 11 1.61 0.90 16.0













Tohno et al. (1981)
Fear et al. (1995)





The site is located in Watari Town, district of Arahama.
Prior to the main s~ock of M=7.4, an earthquakeof magnitude occurred.
The subject zone is seismicallyvery active and had been shaken. in 1897 and
1936 by earthquakesofMagnitudes7.3and 7.7
Arahama area is coveredwith very soft sandy deposits: about 9 m in thickness,
N values generallyless than 10.
SPT valuesWeretaken before main earthquake (M=7.4) in 1974.






















Seed et al (84) This Study Seed et al
Yes 0 50 0.450 ± 0.080 0.6
% Fines 0.0 ± 0.0 0
21 %PI
3




0.22 CE 1.09 1.09
CN 1.46 1.18






















1 I I50.0 - __ r - - T--
Depth (m) Depth (ft) C5R N CN CR (N1)60
2.0 6.6 0.187 4 2.00 0.80 7.0
3.0 9.8 0.210 6 1.79 0.85 9.9
4.0 13.1 0.221 8 1.60 0.89 12.4
5.0 16.4 0.224 12 1.46 0.92 17.6
6.0 19.7 0.222 10 1.35 0.95 14.0
7.0 23.0 0.217 11 1.26 0.98 14.8














Tsuchida etal (1979, 1980) Tohno et al. (1981)
Fear et al. (1995)
Not specifically given, but Seed et al (1984) defined the site as "liquefied."
Prior to the main shock of M=7.4,an earthquake of magnitude 6.7 ioccurred.
The subject zone is seismically very active~nd had been shaken in 1897 and
1936 by earthquakes of Magnitudes 7.3 and7]
The original Tsuchida (1979lpaper (in Japa8ese) could not be accessed.
However the same author's paper of. 1980 in English was used to obtain
borelogs. Hiyori-18 site was claimed by Tokimatsu (1993) to be by Site C.
























Seed et al (84) This Study Seed et al
Yes 0 50 0.150 ± 0.030 0.15
% Fines 20.0 ± 3.0 20
17 %PI
8




0.205 CE 1.09 1.09
CN 1.47 1.15
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Depth (m) Depth (tt) CSR N CN CR (N1)60
3.0 9.8 0.171 9.0 1.50 0.85 12.5
5.0 16.4 0.208 17.0 1.29 0.92 22.1
7.0 23.0 0.218 22.0 1.15 0.98 27.0
9.0 29.5 0.210 20.0 1.05 1.00 22.9















Ishihara et al. (1980)
Fear et al. (1995)
"Many sand boils showed up Clbout 10 minutes after the main shock ..The
sand spouts reached a height of approximately 1 m. above the ground surface."
Surface fissuring and cracks wrre also observed nearthetank yard,
Prior to the main shock of M=7.4,an r~~hquakeof magnitude 6.7 occurred,
The subject zone is seismicallyyeryaptiveand had been shaken in 1897 and
1936 by earthquakes of MagnitudEls7.3 and7.7
The site is near the fishery port.ln the city .of IshinomakLLoosesand
deposit to a depth of 12 rn has bloW counr.....l:ilpes on the orderof5, .The site
has been improved by vibroflotati~~~ndcompapti8n pUI(~in1~75'Unimproved
sand deposits in the vicinity wereIiquefil(p,.TRe.nearElststrongwoynd motion
on rock outcrop, a PGA of 289g,.'W~srrporgeq.l:ltl$aih9ku1:lriqgEl.9ite which
is located 5 km north of the oil tank site, Ishihara et al. Adopted a PGA value
of 0,185g for his liquefaction analysis; considering the site response of soft
soil deposits. Triaxial dynamic tests on frozen samples revealed that the FS
in the depth range of 3-9 m is less than 1,(5% double amplitude axial strain in
20 cycles.)
The.site/l(.*perienced an intensity of shaking of V on JMAMS.






















Seed et al (84) This Study Seed et al
Yes 050 0.150 ± 0.030 0.15
% Fines 10,0 ± 2.0 10
13 %PI
5













































JFljf. 14. Stanc111ml J)eDetr'liltlolll reslJlltanee and
depths of Osterberg sampUng at the un-
compeu:teci IIIIlte after the earthquake
CSR
Depth (m) Depth (tt) CSR N CN CR (N1 )60
1.0 3.3 NA 3.0 2.00 0.73 4.8
2.0 6.6 0.153 4.0 1.96 0.80 6.8
3.0 9.8 0.179 4.0 1.74 0.85 6.4
4.0 13.1 0.191 4.0 1.58 0.89 6.1
5.0 16.4 0.193 4.0 1.46 0.92 5.9


























Ishihara et al. (1980)
Fear et al. (1995)
Nonliquefied
Prior to the main shock of M=7.4, an earthquake of magnitudei6.7 occurred.
The subject zone is seismically very active and hadbeen/sh.akenin 1897 and
1936 by earthquakes of Magnitudes 7.3 and 7.7< .....// ••
The site is near the fishery port in the city oflshinomaki.Lo~~.r..sand
deposit to a depth of 12 mhas8lowc;cuntyalues ont8r.0r9rLof5.The site
has been improved by Vibr~-f18t~ti~.n.~np89mpacti9.npile~in1975.•Unimproved
sand deposits in the vicinity were Hquefirp.The nearest strong gro\.Jnd motion
on rock outcrop, a PGA of289g,w~s recorded at Kaihoku bridge site which
is located 5 km north of the..oilt~~k~it~.I~hihar~~t al.Adopt~d a PGAvalue
of 0.185g for his liquefaction analysis; considerin~thr siterespo~se of soft
soil d~posits. Triaxial dynamic tests on frozen samples revealed that the FS
in the depth range of 3-9 m is less than 1.(5% double amplitude axial strain in
20 cycles.)
6§•.k~/11'13/(1316 psf) surcharge due to oil storage at the time of the earthquake
SPTenergy is estimated as 73 % by Seed et al. (84)
This Study Seed et al (84) This Study Seed et al
iNo No 0 50 0.180 ± 0.020 0.18
% Fines 10.0 ± 2.0 10
20 %PI
5
.5 2400 N 24.5 ± 2.3 15
± 160.2 1460 CR 0.89
0.200 ± 0.040 0.2 Cs 1
0.95 ± 0.060 0.96 Cs 1
0.156 ± 0.034 0.205 CE 1.2.1 1.21
7.4 CN 0.95 1.16




(m) , type profile
N-value




















Flf:. U. Standard pnetrll&tiD1ll lI'efdItance
after compaction
(N, )60
o 10 20 30 40
CSR
Depth (m) Depth (ft) CSR N CN CR (N1)60
1.0 3.3 NA 15.0 2.00 0.73 26.6
2.0 6.6 0.156 16,0 1.90 0.80 29.3
3.0 9.8 0.185 15.0 1.68 0.85 25.8
4.0 13.1 0.201 16.0 1.52 0.89 26.1
5.0 16.4 0.209 15.0 1.40 0.92 23.4
6.0 19.7 0.212 15.0 1.30 0.95 22.5














Iwasaki et al. (1981) Tohnoetal. 1981)
Fear et al. (1995)
sand boils
fissures on the bank
Kitawabuchi 2 is located on the inside of the right bank of the'Eai River.
The ground generally consists of sand type soil,overinterbedded clay;and
hard clay, overlying sand. 0-10 m consists of thin sand layers and sandy silt
layers with shells where N<1o; below 10m is sand
Iwasaki et al. (1981) predicted the liquefied layer atdepth of3-4 m.
Tohno et al (1981) :
Prior to the main shock of M=7.4,~nearthqu~keof magnitude 6.7 occurred
The subject zone isseismic?lIy very active and had beenstlaken in 1897 and
1936 by earthquakes of Magnitudes 7.3 and 7.7
Iiqeufaction occurred at the dike of Eai River; sand volcanoes were located on
the old river bed near the right bank of the river and cracks were formed on the
surface of the dike. The surface and the slope of the bank cracked at the site
of the entrance to the old river bed; however the surface of the bed didn't subside
The sand boil characteristics matched the characteristics of the sand layer at
3.5-5 m depth.
SPT values were taken after main earthquake (M=7.4)























Seed et al (84) This Study Seed et al
Yes 0 50 0.530 ± 0.100 0.53
% Fines 5.0 ± 2.0 5
11 %PI
10




0.185 Ce 1.00 1
CN 1.41 .24
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Depth (m) Depth (ft) CSR N CN CR (N1)60
1.0 3.3 NA 4.0 2.0 0.7 5.9
2.0 6.6 NA 4.0 1.8 0.8 5.7
3.3 10.7 0.2 11.0 1.4 0.9 13.5
4.3 13.9 0.2 3.0 1.3 0.9 3.6















Iwasaki et al. (1981) Tohno et al. (1981)
Fear et al. (1995)
No surface evidence of liquefaction.
Kitawabuchi 3 is located on the inside of the right bank of the Eai River
upstream from Kitawabuchi 2.
The ground generally consists of sand type soil, over interbedded clay and
Sand layer at depths of 3-10+ m.
Tohno et al (1981) :
Prior to the main shock of M=7.4, an earthquake of magnitude 6.7 occurred.
The subject zone is seismically very active and had been shaken in 1897 and
1936 by earthquakes of Magnitudes 7.3 and 7-7
Liqeufaction occurred at the dike of Eai River: sand volcanoes were located on
the old river bed near the right bank of the river and cracks were formed on the
surface of the dike. The surface and the slope of the bank cracked at the site
of the entrance to the old river bed; however the surface of the bed didn't subside
The sand boil characteristics matched the characteristics of the sand layer at
3.5-5 m depth.
SPT values were taken after main earthquake (M=7.4)



























































































































Depth (m) Depth (ft) CSR N CN CR (N1)eo
2.5 8.2 NA 10 1.60 0.82 15.9
3.3 10.7 0.185 8 1,43 0.86 11.8
4.3 13.9 0.212 12 1.33 0.90 17.2
5.3 17.2 0.230 13 1.24 0.93 18.1












Tsuchidaet al (1979, 1980)





Priorto the main shockof M=7.4, an earthquake ofmagnitude 6. occurred.
Onlythe Nakamura),itElliquefied duringthis earthquake.
The subjectzone is sElismically very activeand had been shaken in 1897 and
1936by earthquakesc>fMagnitudes 7.3 and 7.]
The original Tsuchida (1979) paper (in Japanese) could not be accessed.
Howeyerthe same author's paper of 1980in English was usedto obtain
borelogs. t-jakajima 18 sitewas identified as Site A by Tokimatsu(1983).
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Depth (m) Depth (tt) CSR N CN CR (N1)60
2.5 8.2 0.153 5.0 1.57 0.82 7.1
4.0 13.1 0.188 10.0 1.37 0.89 13.2
5.5 18.0 0.201 14.0 1.23 0.94 17.6
7.5 24.6 0.198 23.0 1.09 0.99 27.1
9.5 31.2 0.181 17.0 1.00 1.00 18.5
















Tsuchida et al (1979, 1980) Tohno et al.
Fear et al. (1995)
No surface evidence of liquefaction.
Prior to the main shock of M=7.4,an earthquake of magnitude 6.7 occurred.
Only the Nakamura site liquefied during this earthquake.
The subject zone is seismically very active and had been shaken in 1897 and
1936 by earthquakes of Magnitudes 7.3 and 7.7
The original Tsuchida (197~)paper (in Japanese) could not be accessed.
However the same author's paper of 1980 in English was used to obtain
borelogs. Nakajima 18 site was claimed by Tokimatsu (1993) to be by Site A.
























Seed et al (84) This Study Seed et al
No 0 50 0.120 ± 0.030 0.12
% Fines 26.0 ± 5.0 26
20 % PI
8




0.2 CE 1.09 1.09
CN 1.31 1.2
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0.0 0.1 0.2 OA
Depth (m) Depth (tt) CSR N CN CR (N1)60
2.5 8.2 0.154 5.0 1.57 0.82 7.1
4.0 13.1 0.191 10.0 1.37 0.89 13.2
5.5 18.0 0.207 14.0 1.23 0.94 17.6
7.5 24.6 0.207 23.0 1.09 0.99 27.1
9.5 31.2 0.193 17.0 1.00 1.00 18.5















Iwasaki et al. (1978) Tohno et al. (1
Fearet al. (1995)
No surfaceevidence of liquefaction.
The site is located in the insidebase towards the southend of an embankment
along the left bank of the Natort River.
Priorto the main shockof M=7.4, an earthquake of magnitude 6.7 occurred.
The subjectzone is seismically very.active and had beenshaken in 1897.and
1936by earthquakes ofMagnitudes7.3 and 7.7
PGAis estimated as 0.18g in Iwasaki(1978). Based on the results of cyclic
triaxial test, the FS against liquefaction is calculated as lessthan.t in the
sand layerbetween/the depths of 2-7 m.
From Tohno et al. (1981)
The river embankment was partiallycollapsed and cracked in both sides at
Nakamura located -3 km upstream from the mouth of NatoriRiver. Sand boils
were also observed after the February, 1978(M=6.4) earthquake. The textural
parameters of the liquefied soil revealed that the possiblyliquefied layer is
sandydeposits at 1.4-3m.
SPT values were taken after main earthquake (M=7.4)






































































































































Depth (m) Depth (ft) CSR N CN CR (N1)60
1.5 4.9 0.274 5 2.00 0.77 8.6
2.3 7.4 0.320 12 2.00 0.81 21.7
3.3 10.7 0.354 19 1.76 0.86 32.0


















The site is locatedin the inside base. towards the northend of an embankment
along the left bank of NatoriRiver. .. •• .: .. ••. .•
Prior to the main shock of M=7.4, anearthqy~ke ofmagnitude 6.7 occurred.
The subjectzone is seismicallyvery activeand had been shaken in 1897 and
1936by earthquakes of MagnitudEls].3and 7.7
PGA is estimated as 0.18g i~ the p~per. B~sr~onthe resultsof cyclic triaxial
test, the FS against Iiquefactipn iscalculatEl.das lessthan 1jn the.sand layer
between the depths of 2-7 m.
From Tohno et al. (1981)
The river embankment was partiallycollapsed and cracked in both sides at
Nakamuralocated-3 km upstream from the mouth of NateriRiver. Sand boils
were also observed after the February, 1978 (M=6.4)earthquake. The textural
parameters of the liquefied soil revealed that the possiblyliquefied layer is
sandy deposits at 1.4-3m.
SPT valueswere taken after main earthquake (M=7.4)






















Seedet al (84) This Study Seed et al
Yes 0 50 0.700 ± 0.150 0.7
% Fines 5.0 ± 1.0 5
11 %PI
2




0.355 CE 1.00 1
CN 1.76 1.55

























0.2 0.3 0,4 0.5
0.0 +--.--.."........,





Depth (m) Depth (ft) CSR N CN CR (N1)60
1.0 3.3 0.301 4 2.00 on 5.9
2.3 7.4 0.389 3 2.00 0.81 4.9
3.3 10.7 0.416 5 1.92 0.86 8.2








Iwasaki et al. (1978)






Comments: The site is located in the outside north end of an embankment
along the left bank of the Natort
PGA is estimated as 0.18 gin the paper. Based on the results of cyclic tri.axial
test, the FS against liquefaction is calculated as less than 1 in the sand layer
between the depths of 2-7 rn.
From Tohno et al. (1981):
The river embankment was partially collapsed andpr.ac;k.e8In.b0thsldes at
Nakamura located -3 km upst(eamfromtbe moutbofNat()(iRilJerSand boils
were also observed after the February, 1978 (M=6.4) earthquake. The textural
parameters of the liquefied soil revealed that the possibly liquefied layer is
sandy deposits at 1.4-3 m.
SPT values were taken after main earthquake (M=7.4)



















1118.8 ± 79.6 1320 N
694.7±68.1 880 CR
0.320 ± 0.064 0.32 Cs
0.96 ± 0.050 0.98 Ce















































0.0 0.1 0.2 0.3 0.4
0.0 j--r-r---tr---
30.0 "--'---'---"........,
Depth (m) Depth(ft) CSR N CN CR (N1)60
1.2 3.9 NA 7 2.00 0.75 10.5
2.2 7.2 0.274 3 1.94 0.81 4.7
3.2 10.5 0.315 7 1.73 0.86 10.3















Iwasaki et al. (1978) No mention of Oiiri-1?
Fear et al. (1995) Tohno et al.
A.S. Cakmak (1986) "Soil Liquefaction Studies in lapan" Vol. 5 NO.1 Jan 1986,
Soil Dynamics & Earthquake Engineering.
Not given but according to Seed et al (1984) "liquefied."
Prior to the main shock of M=7.4, an earthquake of magnitude 6.7 occurred.
The subject zone is seismically very active and had been shaken in 1897 and
1936 by earthquakes of Magnitudes 7.3 and 7.7
Iwasaki et al (1978) paper did not mention OUrisites. However Cakmak et al.
gave a representative depth vs, N profile for Ollrl 1.
Tohno et al (1981):
Liquefaction was observed at the dike of Old Kitakami River. Sand volcanoes
were found on both sides of the base of the dike and in the vicinity of it
The boil material has the same characteristics of samd layer at depth of 4.5-7m
SPT values were taken after main earthquake (M=7.4)
























Seed et al (84) This Study Seed et al
Yes 0 50 0.340 ± 0.100 0.34
% Fines 5.0 ± 3.0 5
21 %PI
14




0.185 CE 1.00 1
CN 1.13 1.05
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Depth (m) Depth (ft) CSR N CN CR (N1 )60
2.0 6.6 NA 2 1.79 0.80 2.9
5.0 16.4 0.137 9 1.18 0.92 9.8
10.0 32.8 0.123 3 0.97 1.00 2.9
15.0 49.2 0.104 45 0.84 1.00 37.8
20.0 65.6 0.103 4 0.75 1.00 3.0
Mean: 9.8





References: Tsuchida et at (1979,1980) Tohno et al.(1981)
Fear et al.(1995)
Nature of Failure: Not specifically givenbut identified by Seed etal. (84) as "liquefied."
Comments: Prior to the main shock of M=7.4'ian earthquake ofmagnitude 6.7 occurred.
Only the Nak.amura site Hquefied during this Tarthquake.
andThe subject zone is seismicallyvery active and had been shaken in 1897
1936 by earthquakes ofMagnitudes 7.3 and 7.7
The original Tsuchida\(1979lpaper (in .Jcapanese) coulpn()t be accessed.
However the same authpr'spaper of 1980inEngiish was.used)(J obtain
borelogs. Shiomi 6 site was claimed by Tokimatsu (1993) to be by Site D.
SPT enerqy was estimated as 65 % by Seed et al. (84)
Summary of Data
This Study Seed et al (84) This Study Seed et al
in"ofion? Yes Yes D50 0.250 ± 0.050 0.25
Data B % Fines 10.0 ± 2.0 10
Critical Depth Range 9.8
-19.7 13 % PI
Depth to (ft) 8.0 ±1.0 8
crv\ 19~~Ri:l:188.0 1560 N 7.4 ± 1.7 6
cr§. 11iFf·P7=i107.3 1250 CR 0.90
'"
T,..,\ 0·F~87=io.048 0.24 Cs 1
-"'"",<:>,
0.92 ± 0.064 0.97 Cs 1
CSR 0.197 ± 0.044 0.19 CE 1.09 1.09
~ 7.4 CN 1.34 1.24
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Depth (m) Depth (tt) CSR N CN CR (N1 )60
2.0 6.6 NA 3.0 1.75 0.80 4.6
4.0 13.1 0.190 6.0 1.38 0.89 8.0














Iwasakiet al. (1978) Tohnoet.al. (1981)
Fear et al. (1995)
Sand boilsout of surface cracks.
Damage toYuriagegami Bridge,cra~ked piers, etc.
Yuriage Br. 1 is located nearpier 9 oftheYwiagegamiBri8ge, which crosses
Natori River. Pier 9 is the closest to the right bank. of the river.
PGA estimations of 0.24 and. 0.3 g were used by Iwasakiet al (1978).
Based on cyclictriaxial test results, the sand layer at deptll range of 2-6 m is
predictedto be liquefied.
Tohno et al, (1981):
Prior to the mainshock of M=7.4, an earthquake of magnitude 6.7 occurred.
The subject zoneis seismically very activeand hadbeen shaken in 1897 and
1936 by earthquakes of Magnitude~.7'~E1nd 7.7
The dry riverbedwas cracked parallel to the river nearYuriage-Ohashi Bridge.
and liquefied sandsseepedoutfrom the.cracks.... Some cracks were found near
the piers of the Yuriage-Ohashi Birdge and the ground around the piers settled.
The boiled soil was a poorly graded coarse sand. Iwasakiand Tokida (1980)
identified the liquefied layer as at depths of 2-5 m.
SPT valueswere taken after main earthquake (M=7.4)






















Seedet al (84) This Study Seed et al
Yes 0 50 0.400 ± 0.100 0.4
% Fines 5.0 ± 1.0 10
14 %PI
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0.215 Ce 1.00 1
CN 1.60 1.27


































Depth (m) Depth (tt) CSR N CN CR (N1)60
1.0 3.3 NA 13 2.00 0.73 19.1
2.0 6.6 0.169 1.87 0.80 10.4
3.0 9.8 0.205 2 1.68 0.85 2.8
















Iwasaki et al. (1978) Tohno et al. (1981)
Fearet al. (1995)
Sandboilsout of surfacecracks.
Damage to Yuriagegami Bridge, cracked piers, etc.
Yuriage Br. 2 is located nearpier 7 ofthe Yuriagegami Bridge. which crosses
NatoriRiver. Pier7 is towards the right bank of the river.
PGAestimations of 0.24and 0.3 9 were usedby Iwasakiet.el (1978).
Based on cyclictriaxial test results, the sand layer at depth range of 2-5 m is
predicted to be liquefied.
Tohno et al. (1981):
Prior to the main shock of M=7,4,anearthquake of magnitude 6.7 occurred.
Thesubject zone is seismically very activeand had beenshaken in 1897and
1936by earthquakes of Magnitudes 7.3 ar'lcJ 7.7.
The dry riverbedwas cracked parallel to the river near Yuriage-Ohashi Bridge,
and liquefied sandsseeped out from the cracks. Somecrackswere found near
thepiers pf the Yuriage-Ohashi Birdgeandthe ground around the piers settled.
Th13. boiled soilwas a poorlygraded coarse sand. Iwasaki and Tokida (1980)
identified the liquefied layeras at depths of 2-5 m.
Gravelpercentexceeds 20 % by weight. (Seedet al, 84)
SPIval~es were taken aftermain earthquake (M=7,4)
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0.0 0.1 0.2 0.3 OA
0.0
5.0 -,-
Depth (m) Depth (ft) CSR N CN CR (N1)60
1.0 3.3 NA 2 2.00 0.73 3.3
2.0 6.6 0.198 10 1.99 0.80 17.8
3.0 9.8 0.234 13 1.76 0.85 21.7














Iwasaki et al. (1978) Tohno et al. (1~81)
Fear et al. (1995)
Sand boils out of surface cracks.
Damage to Yuriagegami Bridge, cracked piers, etc.
Yuriage Br. 3 is located near pier 50f the )'uriagegami Bridge,vilhichcrosses
Natori River. Pier 5 is towards the center of the river,
PGA estimations of 0.24 and 0-.3 gwerElus~d by Iwasakiet.al (1978).
Based on cyclic triaxial test results,the•..is••..a•..•.••...n.. d••..•. la..... yer at...• depthr.a..ng•...•e 0.f ••..1•.•. -...2••.•••m.. ispredicted to be liquefied. .<> ..• ...x/ ...
Tohno et al, (1981):
Prior to the main shock of M=7.4, aneaQhqua.ke of fllagnitude 6,7 pccurred.
The subject zone is seismicallyvery active and had been shakenjn 1897 and
1936 by earthquakes of Magnitudes7.3and 7.7
The dry river bed was cracked parallel tptDe fiyernear Yuriage-Ohashi~ridge,
andliquefied sands seeped out fr9m me 9r~c~~'~9flle. cracks ~e.refound near
the piers of the Yuriage-Ohashi Birdge and the ground around the piers settled.
The boiled soil was a poorly graded coarse sand. Iwasaki and Tokida (1980)
identified the.Iiquefied layer as at depths of 2-5 m.
SPT values were taken after main earthquake (M=7.4)
SPTenerQY was estimated as 60 % by Seed et al. (84)
.Data
This Study Seed et al (84) This Study Seed et al
Liquefied? Yes Yes 0 50 1,200 ± 0.200 1.2
Data Class B % Fines 12,O± 2.0 12
Critical Depth Range 6.6-13.1 14 % PI
Depth to GWT (ft) 0.9 ±0.5 1
cry (psf) 1024.9 ± 120.5 1680 N 7.1 ± 1.2 8
cry' (psf) 464,0 ±64.5 870 CR 0,85
amax (g) 0.240 ± 0.048 0,24 Cs 1
rd 0.96 ± 0.045 0.97 Cs 1
CSR 0.332 ± 0.073 0.29 CE 1.00 1
EquivalentMagnitude 7.4 CN 2,00 1.47























5.0 - .., - r -
Depth (m) Depth (ttl C5R N CN CR (N1)60
1.0 3.3 0.282 4 2.00 0.73 5.9
2.0 6.6 0.321 6 2.00 0.80 9.6
3.0 9.8 0.332 8 2.00 0.85 13.5
4.0 13.1 0.334 8 1.82 0.89 12.9















Iwasaki et al. (1978) Tohno et
Fear et al. (1995)
No surface evidence of liquefaction.
Yuriage Br. 5 is located riearpier1 of the Yuriagegami Bridge, which crosses
the Natori River./PierS is the closestpi~r to the left bank of mElfiv~r.
PGA estimations of 0.24 and 0.3 9 were used by Iwasaki et al (1978).
Based oncyclictria)(iclltestJl3sults, the sand layer at depth range of 3-9 m is
predicted tobeliquefied.JHowever no surface ElviDdence oflJiquefaction exists.
Tohno etaJ.(1981):/. ..<.. ..• .. .... ..... .•. .·.>i .• ••
Prior to theimainsh.ock of M=7A, an earthquake .of magnitude 6.7 occurr13d.
The SUbjectzone is seismically very active and had been shaken in 1897 and
1936·byearthquakesofMagnitudes 7.3 and 7.7
The dry river bed was cracked parallel to the river near Yuriage-Ohashi Bridge,
and liquefied sands seeped out from the cracks. Some cracks were found near
the piers.of theYuriage-Ohashi Birdge and the ground around the piers settled.
The boiled soil was a poorly graded coarse sand. Iwasaki and Tokida (1980)
identified the potentially liquefiable layer at depths of 2-5 m.
SPT values were taken after main earthquake (M=7.4)



































































Depth (m) Depth (ft) CSR N CN CR (N1)60
5.0 16.4 0.253 32 1.38 0.92 45.6
6.0 19.7 0.255 20 1.28 0.95 27.2
7.0 23.0 0.253 14 1.20 0.98 18.3
8.0 26.2 0.247 30 1.13 1.00 37.9
9.0 29.5 0.238 18 1.07 1.00 21.6
























Iwasaki et al. (1978) Tohno et al. (1981)
Fear et al. (1995)
Sand volcanoes, cracking and spreadingof the ground .__..J_ t~,,:; pond, also
damage to the bank of the dike.
Yuriagekami is located in betweenthe edge of the Shin-enkonuma pond just
just inland from the Natori rive, and the base of the dyke on.the right bank of
the river.
PGA is estimatedas 0.18 g by Iwasaki etal (1978). Based on cyclictriaxial
test results, the liquefied layer is predicted tobe the sand layerat a depth of
2-8m.
Tohno et al. (1981)
Prior to the main shock of M=7.4,an earthquake of magnitude6.7 occurred.
The subject zone is setsmically very active and had been shaken in 1897 and
1936 by earthquakes of Magnitudes7.3 and7.7.
The river embankmentwas partially collpased and cracked on both sides at
Yuriagekami.
SPT values were taken after main earthquake (M=7.4)












































































Depth (m) Depth (ft) CSR N CN CR (N1)60
2.3 7.4 0.172 3 1.79 0.81 4.4
3.3 10.7 0.202 2 1.62 0.86 2.8
4.3 13.9 0.218 1 1.49 0.90 1.3
5.3 17.2 0.225 2 1.38 0.93 2.6


















Yuriagekami-2 is located by the edge ofthe Natoririver, ontheirightbankof
the river, ••.•. ••. ..• .•. .. .. ... . .•••.•....
PGAis estimatedas 0.18 gbylwasaki et al (1978). Based on cyclic.triaxial
test results, the liquefied layer is peridicted to.be the sand layer at depth of
1-6 rn.
Tohoo et al. (1981):
Prior to the main shock of M=7.4,aneart?qu~ke of magnitude6.7 occurred.
The subjectzone is seismically very active and had been shaken in 1897 and
1936by earthquakes of Magnitudes 7.3 and 7.7.
The riverembankmentwas partiallycollapsed and cracked onboth sides at
Yuriagekami.
Cracks were observed both on and at the base of the dike. Also.sand volcanoes
were found along the dike.
SPT valueswere taken after main earthquake (M=7.4)
























































































Depth (m) Depth (ft) CSR N CN CR (N1)60
1.5 4.9 0.211 2 2.00 0.77 3.1
2.5 8.2 0.255 8 2.00 0.82 13.2
3.5 11.5 0.276 4 1.77 0.87 6.2
4.5 14.8 0.285 11 1.61 0.90 16.0















Iwasaki et al. (1978) Tohno et al. (1981)
Fear et al. (1995)
No surface evidence of liquefaction.
Yuriagekami-3 is located at the base of the dike on the rightbank of the Natori
River, not far from the Shin-enko numa pond.
PGA is estimated as 0.18 9 by l"Yasakiet al(1978).
Tohno et al. (1981):
Prior to the main shock of M=7A, an earthquake of magnitude 6.7 occurred.
The subject zone is seismically very active and had been shaken in 1897 and
1936 by earthquakes of Magnitudes 7.3 and 7.7.
The river embankment was partiallycolJapsed and cracked on both sides at
Yuriagekami.
Cracks were observed both on and at the base of the dike. Also sand volcanoes
were found along the dike.
SPT values were taken after main earthquake (M=7.4)
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Depth (m) Depth (tt) CSR N CN CR (N1)60
3.5 11.5 0.197 9 1.49 0.87 13.0
4.5 14.8 0.215 21 1.36 0.90 28.9
5.5 18.0 0.224 20 1.27 0.94 26.5
6.5 21.3 0.228 19 1.19 0.96 24.3















Yasuda and Tohno (1988)
No Surface evidence of liquefaction
The Nihonkai-chubu Earthquake, with a ""0""';+",.1" on May 26,
1983 in the northwest Japan and produced liquefaction sites coastal plain
of Akita and Aomori Prefectures. About one month later, a magnitude 7.1
earthquake again hit the area and caused liquefaction at Aornori Prefecture but
not at Akita. At Arayamotomachi Town in Akita City, liquefaction was caused
along a narrow area by the main shock of Nihonkaichubu earthquake. The
damage was concentrated in a small zone about 100 m in width and 500 m in
length, in an area of land recently reclaimed over an old river by filling with sand
from djacent sand dunes. At a point near the center of the liquefied area, a
layer of very loose fi['\e sand, with SPT N values of 0-6, forms a deposit
~~~ns~~~0~~~ntl~e1g~o~n~esp~~~ce to about 6 m in depth. The water table is
The maximum surface acceleration was given as 0.2 and 0.15 g for the main
and after shock respectively. The site has also liquefied during Niigata EO. It is
believed that a thin soil layer has liquefied during Niigata EO. However, several
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Depth (m) Depth (ft) CSR N CN CR (N1 )60
1.3 4.1 0.108 7.0 2.00 0.75 12.8
2.3 7.4 0.137 1.0 1.99 0.81 2.0
3.3 1.0.7 0.149 3.0 1.76 0.86 5.5
4.3 13.9 0.151 4.0 1.60 0.90 7.0
5.3 17.2 0.148 8.0 1.47 0.93 13.3
6.3 20.5 0.141 3.0 1.37 0.96 4.8















Aki City (Arayamotomachi Coarse Sand)
Yasuda and Tohno (1988)
No surface evidence of liquefaction
The Nihonkai-chybuEarthquake, with a magnityde of Y.7ipccyrred on May 26,
1983 in the northwest J;apanClI1<:l produced liq~Tfactiol1~.itesintgecoastal plain
of Akita and~omo[i.pr7fectyres, About one fTlOnth later,Clrna.gnitude].1
earthquake againilit thT;are~ andcausedliquefactionClt~omoriF~refecture but
not at Akita, AtArayamptomachi Tovvn in Akita City, l.iquefClctlonvvas caused
along a narrow area by the,main shock of NihonkaichubLJ;7artilquClke, The
dafTlClgT wa~..cpn8Tntrat~.d in Cl..§lfT1.ClI1:z;oneabHyt.JPq fll. ini~ipthCll1d 500 m in
length,.irlanarea of Iand rElc;entlYJElclail1ledqver anoldriverby filling with sand
from djacentsanddunes. At a pOintnearthe .center.ofthe liquefied area, a
layer of very loose fine sand, with SPT N values of 0-6, forms a deposit
extending from the ground surface to about 6 m in depth. The water table is
very shallow, only 1 m in depth.
The maximum surface acceleration was given as 0,2 and 0,15 9 for the main
and after shock respectively, The site has also liquefied during Niigata EO, It is
believed that a thin soi/layer has liquefied during Niigata EO. However, several
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10 20 30 40
CSR
Depth(m) Depth (ft) CSR N CN CR (N1)60
8.3 27.1 0.135 16.0 1.17 1.00 22.8
9.3 30.3 0.125 12.0 1.11 1.00 16.2













Nakazata Town (Takeda Elementary School)
Yasuda and Tohno (1988)
Sand boils, settled structures:
The Nlhonkahchubu Earthgyake,\vith"rliagl1ltude of 7.7 on May 26,
1983 in the northwest Japan and prpd~ce9.I.i9~Elfactionsite~ .i~the cpastal plain
of Akita. andA9IT1ori.erElfE!cture~. (\bout .0nE! ITlpnth l.atElr,., ~ lTla~nitude 7.1
earthquake again hit the area and caused liquefaction at the Takeda
Elementary School In Nakazato Town. The school was built on the old bed
of the Iwaki River. During the main shock on May 26, the ground beneath the
schoolhouses (two-story wood structures) and sweeped out sand and water then
was submerged. The aftershock of June 21 again caused sand and water to
sweep .outfrom the ground. According to some teachers, the area where sand
volcanoes were observed almost coincided with the area where sand volcaones
had been caused by the main shock.
The maximum surface acceleration was suggested to be 0,28 and 0.11 g
for the main and after shock respectively based on the values recorded at the
Tsugaru-ohashi Bridge about 6 km from the school. Slightly higher value is
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Depth (rn) Depth (ft) CSR N CN CR (N1)60
3.3 10.7 0.146 8.0 1.96 0.86 16.4
4.3 13.9 0.141 7.0 1.74 0.90 13.3













Aomori City (Aomori Station)
Yasuda pnd Tohno(1988)
Sand boils, settled structures.
The Nihonkai-chubuEarthquake,with a magnitude of 7.7 occurred on May 26,
19S3intheno.rthwest Japan and produced liquefaction sites in the coastal plain
of Akita and Aomori Prefectures. About one month later, a magnitude 7.1
earthquake again hit the area and caused Iiquefactionatthe Aomori
Station. The station faces the sea and the north part of the station is used as
a landing place for ferryboats. The north part was built on reclaimed land
constructed in 1945, but the south part was built on natural fand. Liquefaction
was induced at the north part of the station during the main shock of the
Nihonakai-chubu EQ. Many sand volcanoes, settlement of rails and buildings
and uplift ofburied tanks occurred.
The maximum surface acceleration at Aomari Port, about 1 km north of
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40,0 - - - - ,- - - -I
Depth (m) Depth (ft) CSR N CN CR (N1 )60
4_3 13,9 0,163 9.0 1.83 0.90 18.0
5.3 17.2 0.154 8.0 1.65 0.93 14.9
6.3 20.5 0.144 9.0 1.51 0.96 15.9
7.3 23.8 0.134 17.0 1.40 0.98 28.6















Yasuda and Tohno (1988)
Sand boils ,settled structures, sewage tanks
The NihQpkai-chubu Earthquake, with a maigniitucleClf7
1983 in the northwest.J 9pan and produced IiqLlefal.cticlf1
of Akita and Aomorl Prefectures. About one




and caused liquefaction .., 0'-""'-''' Prefecture but
not at Akita. At ArayamotomachiTown in Akita City, liquefaction was caused
along anarrow area by the mainshockofNihonkaichubuearthquake. The
damage was concentrated in a small zone about 100 m in width and 500 min
length, in an area of land recently reclaimed over an old river by filling with sand
from djacent sand dunes. At a point near the center of the liquefied area, a
layerof very loose fine sand, with 8PT N values of 0-6, forms a deposit
extending from the ground surface to about 6 m in depth. The water table is
verysh~lIow, only 1 m in depth.
T~rrn~~imum surface acceler~ti9n'vVasgiv.rnas 0.2 and 0.15 g for the main
i3ncl>el~e;rshockrespectively. The;..~ite;.h~.salsoliquefied during Niigata EQ. It is
8.eliexe8ilhat a thin soil layer ha~.Ji9Y.rnedduring Niigata EQ. However, several
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Depth (m) Depth (ft) CSR N CN CR (N1 )60
1.3 4.1 0.144 7.0 2.00 0.75 12.8
2.3 7.4 0.183 1.0 1.99 0.81 2.0
3.3 10.7 0.200 3.0 1.76 0.86 5.5
4.3 13.9 0.203 4.0 1.60 0.90 7.0
5.3 17.2 0.200 8.0 1.47 0.93 13.3
6.3 20.5 0.191 3.0 1.37 0.96 4.8
















Lateral spreading, sand boils,
The Nihonkai-chubu 7.7 occurred on May 26,
1983 in the northwest produced Iiquefacticln sites in the coastal plain
of Akita and Aomori Prefectures. a magnitude 7.1
earthquake again hit the area.
Akita Harbor suffered severe damage to its quay walls due to liquefaction. At
Gaiko, which is an area newly reclaimed from the sea, liquefactionrindllcrd
ground displacements were observed. The quay wall, made of concrete caisson
moved about 1.5 m and was tilted about 3 degrees
The maximum surface acceleration at Akita City 115 km from the epicenter





















































Depth (m) Depth (ft) CSR N CN CR (N1)60
2.4 7.9 0.285 7.0 2.00 0.82 13.9
4.5 14.8 0.289 6.0 1.70 0.90 11.2
5.6 18.4 0.279 9.0 1.53 0.94 15.8
6.7 22.0 0.264 9.0 1.41 0.97 15.0
8.3 27.2 0.237 6.0 1.28 1.00 9.3
10.7 35,1 0.198 6.0 1.13 1.00 8.3














The Nihonkai-chubu Earthquake, with a rnagnitude of 7,7 occurred onMay 26,
1983 in the northwest Japan and produced liquefaction sites in the coastal.plain
of Akita and Aomori Prefectures, About one month later, a magnitude 7,1
earthguakEl again hit the area
The site is gently sloped (1-3%), A particulary large displacernent
occurred on the slopes of Maeyama, a sand hill about 10m higher than the
surrounding area, On the northern slope of the hill, displacements began near
the top and extended horizontally for more than 300 m in a northerly direction
The maximum surface acceleration at Akita City 115 km from the epicenter
was 0,235 and 0.219 g, The PGA at the site, 100 km away from the epicenter
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Depth (m) Depth (ft) CSR N CN CR (N1)60
2.0 6.6 0.171 10.0 1.86 0.80 18.0
3.0 9.8 0'.208 8.0 1.67 0.85 13.7
4.0 13.1 0.228 8.0 1.53 0.89 13.2













Nakazata Town (Takeda Elementary School)
Yasuda and Tohno(1988)
Sand boils, settled structures.
The Nlhonkai-cnubu Earthquake, with a magnitude of 7.7 occurred on May 26,
1983 in the northwest Japan and pcoducedliquefactionsitesin the coastal plain
of Akita.andAomorLPrefectuces.Aboutonemonth later, a magnitude 7.1
earthquake again hit the area and caused liquefaction at the Takeda
Elementary School in Nakazato Town. The school was built on the old bed
of the Iwaki River. During the main shock on May 26, the ground beneath the
schoolhouses (two-story wood structures) and spewed out sand and water then
was submerged. The aftershock of June 21 again caused sand and water to
swep out from the ground. According to some teachers, the area where sand
volcanoes were observed almost coincided with the area where sand volcaones
had been caused by the ,main shock.
The maximum surface acceleration was assumed to be 0.278 and 0.109 g
for the main and after shock respectively based on the values recorded at the












































. f .. "
• Ill, ~ •• 11 I. ~ '1 It
~ .
I"









1M.. t .....•• • ~ » 211 $lI M
•• -.illliOl.n _. ~4. 811,',.~l"}
~4Il ..~...~.~_ ·~· •• """'(11l1U)
.~ Z~sI 1'_,,"'. 8""lH""l"'""ll",







- -I - ... 1 - r
I 1 I
1 I 1






















Depth (m) Depth (ft] CSR N CN CR (N1 )60
3.3 10.7 0.339 8.0 1.96 0.86 16.4
4.3 13.9 0.328 7.0 1.74 0.90 13,3











located.50mle215rnilels rmrrn nttnA city.
ALAralyaIII(l tOrTH3Ch Ijr(lVm in.A~:ita City, liquefactionwas caused
by Niigata Earthquake.
The was concentrated in a small zone about 100 m in width and 500 min
length, in an area of land recently reclaimed over an old river by filling with sand
from adjacEll")t sand dunes. At a point near the center of the liquefied area, a
layer of veryl(lose fine sand, with SPT N values of 0-6, forms a deposit
extending from the ground surface to about 6 m In depth. The water table Is
at 1 rndepth.
The 111a.~II11YrT1~~rfClce acceleration was assumed to be 0.09 g based on the
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40.0 - - - - ,- ~ - - I
Depth (m) Depth (ft) CSR N CN CR (N1 )60
1.3 4.1 0.065 7.0 2.00 0.75 12.8
2.3 7.4 0.083 1.0 1.99 0.81 2.0
3.3 10.7 0.090 3.0 1.76 0.86 5.5
4.3 13.9 0.092 4.0 1.60 0.90 7.0
5.3 17.2 0.090 8.0 1.47 0.93 13.3
6.3 20.5 0.086 3.0 1.37 0.96 4.8















Seed and Idriss (1966), "An analysis of soil liquefaction in the Niigata Eq."
Along Shinano River many buildings tilted or subsided constructed on reclaimed
land. Sand particles at - 5-7 m depth came out; sand volcanoes at various places.
Niigata is located on the west coast of Japan where Shinano River enters the sea
The.river has bulit up a considerable thickness of alluvial sand deposits, which
along the coast have been overlain by deposits of dune sand. In general the
sand deposits underlying the city are relatively loose near the ground surface,
but gets denser withincreasingdepths.Thesand extents to a depth of -100'
and alluvial deposits to 200-300'. In the vicinity of river the ground is relatively
flat.
The epicenter of the earthquake is located 35 miles north of the city.
From the seismograph, located in the basement of an apartment building
it was estimated that the PGA at Niigata was in the order of 0.16 g. The soil below
seismograph liquefied during the earthquake. It is interesting to note the marked
change in form of record from a predominantly short period motion to a long
period motion which occurred after about 8 seconds.
SPT values were taken both before and after the earthquake. N values before
the earthquake were used for the analysis.
SPT enerqv was estimated as65 % bvSeed et al. (84)
Summary of Data
ThisStudv Seed et al (84) This Study
Liquefied? Yes Yes 050 0.200 ± 0.035
Data Class r~ 8.0 ± 2.0Critical Depth Range 23
Depth to GWT (ft) ± 3
cry (psf) 2725.9 ± 372.2 2760 N 8.8 ± 2.3
crv' (psf) 1275.3 ± 205.1 1510 CR 1.00
amax (g) 0.160 ± 0.024 0.16 Cs 1
rd 0.65±0.116 0.95 Cs 1
CSR 0.145± 0.035 0.18 CE .09
Equivalent Magnitude 7.5 CN 1.25












FiJi•.. 5. Typ!ca.l eDlDllples of~pelBetnltiODtest results before uad dter












Depth (m) Depth (ft) CSR N CN CR (N1)60
4.5 14.8 0.171 10 1.60 0.90 15.8
5.5 18.0 0.167 8 1.47 0.94 12.0
6.5 21.3 0.160 9 1.37 0.96 13.0
7.5 24.6 0.150 6 1.29 0.99 . 8.3
8.5 27.9 0.140 11 1.22 1.00 14.6
9.5 31.2 0.130 10 1.16 1.00 12.7
10.5 34.4 0.121 6 1.11 1.00 7.3















Seed and Idriss (1966), "An analysis of soil liquefaction in the Niigata Eq."
In the Shinano River reclaimed land, many buildingstilted orsubsided.
The sand particles at - 5-7 m depth came out; sand volcanoes at various places.
Niigata is locatedop the west coast of Japan Where Shinano.River.enters the sea.
The river has built up a considerable thickness of alluvial sand deposits, which
along the coast have been overlain by deposits of dune sand. In general the
sandcjeposiis lInder/yipg th13 city~r!'J r13.lative.lylpp~epearthe groun8 surface,butg!'Jtsd!'Jnperwithinc:re~sing.cj13pth.,.he ~and exte.ptsto a depth of -100'
and alluvial deposits to 200-300'. In the vicinity of river the ground is relatively
flat.
The epicenter of the earthquake is iocated some 35 miles north of the city.
From the seismograph, located in the basement of an apartment building
it was estimated that the PGA at Niigata was in the order of 0.16 g. The soil below
seismograph liquefied during the earthquake. It is interesting to note the marked
change in form of record from a predominantly short period motion to a long
period motion which occurred after about B seconds.
SPT values were taken both before and after the earthquake. N values before
the earthquake were used for the analysis.
SPT energy was estimated as 65 % by Seed et al. (84)
Summary of Data
Liquefied? Yes D50 0.200± 0.035
Data Class B % 8.0 ± 2.0
Critical Depth Range 11.5 - %
Depth to GWT (ft) 3.0 ± 1.0
O'v(psf) 1778.6 ± 219.3 N 7.9 ± 1.4
O'v' (psf) 891.0 ± 130.4 CR 0.93
am EX (g) 0.160 ± 0.024 Cs 1
rd 0.78 ±0.081 Cs 1
CSR 0.161 ± 0.032 CE 1.09
Equivalent Magnitude 7.5 CN 1.50








FiJI. 5. Typical cmamples of IIItImdard penetrauOD test lrelIIUlts before _d af'ter
Ni!pta earthquake (LocatiOlll orboll:iDg i1II lllbo'mm m Fig. 3)
I I t I
I I I I
30.0 - -l - !'" -I - +
I I I I
I. I I I
35,0 - -I - I -1- T
I I I I
40~O _ -'_!" __ I_.L
Depth (m) Depth (tt) CSR N CN CR (N1)60
3.5 11.5 0.165 6 1.76 0.87 10.0
4.5 14.8 0.165 8 1.60 0.90 12.6
5.5 18.0 0.159 10 1.47 0.94 15.0
6.5 21.3 0.151 7 1.37 0.96 10.1














Seed and Idriss (1966), "An analysis soil liquefaction in the Niigata Eq."
No surface evidence ofliquefactiofl has been observed at Old Town section.
Niigata is located on the w~st coast of Japan where Shinano River enters the sea
The river has builtupa considerable thickness of alluvial sand deposits, which
the coast have b~enoverlain by deposits of dune sand. In general the
sand deposits underlying the city are relatively loose near the ground surface,
but gets denser with increasing depth. The sand extents to a depth of -100'
and alluvial depositslo 200-300'. In the vicinity of river the ground is relatively
flat. Niigata city wa~ below sea level about thousand years ago and the bay
was ditted with sev~ral small islands. The EO was the first large vibration the
recent deposits had experienced.
The epicenter of the earthquake was located some 35 miles north of the city.
From the seismograph, located in the basement of an apartment building
it was estimated that the PGA at Niigatawas in the order of 0.16 g. The soil below
seismograph liquefied during the earth.quake. it is interesting to note the marked
change in form .ofrecord from a predominantly short period motion to a long
period motion which occurred after about 8 seconds.
Seed et al(84) estimated PGA not as .0.16 but 0.18 g probably due to the fact
the site did not liquefy so no de-amplification.
Seed et al(84) adopted a rod energYiof 73 % (average Japanese energy value)
for non-liquefied sites and 65 % (Japanese lower bound) for liquefied sites.
Water table was at 1-2 m except dune sand.
S~Tvalges were taken beforeJh~.e~nhqyake.
SPTeneroy was estimated as73 %byiSeed et al.(84)
Summary of Data
This StUdy Seed et al (84) This Study
Liquefied? N° No P5() 0.200 ± 0.035




Depth to GWT (ft) 6.0 ± 6
cr. (psf) 2832.8 ± .9 2760 N 17.4 ± 0.5
crv' (psf) 1671.7 ± 180.9 1700 CR 0.99
amex (g) 0.180 ± 0.027 0.18 Cs 1
rd 0.75 ± 0.110 0.95 Cs
CSR 0.149 ± 0.032 0.18 CE .21
Equivalent Magnitude 7.5 CN 1.09















Betore eartlUjll. - N
Depth (m) Depth (ft) CSR N CN CR (N1)60
5.0 16.4 0.158 15 1.29 0.92 21.6
6.0 19.7 0.157 16 1.20 0.95 22.1
7.0 23.0 0.152 17 1.13 0.98 22.6
8.0 26.2 0.145 18 1.06 1.00 23.1
9.0 29.5 0.137 19 1.01 1.00 23.2














Seed and Idriss (1966), "An analysis of soil liquefaction in the Niigata Eq."
No surface evidenceof liquefactionhas been observed at Old Town section.
Niigata is located on the west coast of Japan where Shinano River enters the sea
Th~ river has built upa conslderabte thickness of alluvial sand deposits, which
along the coast have been overlain by deposits of dune sand. In general the
sand depositsunderlyingthe city are relatively loose near the ground surface,
but gets denser with increasing depth. The sand extents to a depth of -100'
and alluvialdeposits to 200-300'.. In the vicinity of river the ground is relatively
flat. Niigata city was beloVII ..sea level aboutthousand years ago and the bay
Was dotledwith severaLsmali islands. TheEQ was the first large vibration the
recent deposits had experienced.
The epicenterof the earthquake was located some 35 miles north of the city.
From the seismograph, located in the basement of an apartment building
it was estimated that the PGA at Niigatawas in the order of 0.16 g. The soil below
seismograph liquefiedduring the earthquake. It is interesting to note the marked
change in form of record from a.predominantlyshort period motion to a long
period motionwhich occurred after about 8 seconds.
Seed et al (84) estimated PGA not as 0'.16 but 0.18 g probablydue to the fact
the site did not liquefy so no de-amplification.
Seed et al (84) adopted a rod energy of 73 % (average Japanese energy value)
for non-liquefied sites and 65 % (Japanese lower bound) for liquefied sites.
Water table was. at 1-2 m except dune sand.
SPTvalues were taken before the earthquake.
SPTenerqy was estimated as 73% by Seed et al. (84)
Summary of Data
ThisStudv Seed et al (84) This Study
Liquefied? No No 0.50 0.200 ± 0.035
Data Class ~i 8.0 ± 2.0
Critical Depth Range - 33
Depth to GWT (ft) ± 1.0 6
cry (psf) 4407.6 ± 236.3 3960 N 24.7 ± 3.0
cry' (psf) 2427.6 ± 165.6 2270 CR 1.00
amex (g) 0.180 ± 0.027 0.18 Cs 1
rd 0.55 ± 0.158 0.91 Cs 1
CSR 0.116± 0.038 0.185 CE 1.21
EquivalentMagnitude 7.5 CN 0.91
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Depth (m) Depth (ft) CSR N CN CR (N1)60
10.0 32.8 0.128 20 0.97 1.00 23.3
11.0 36.1 0.120 22 0.93 1.00 24.6
12.0 39.4 0.113 25 0.89 1.00 26.9
12.5 41.0 0.110 28 0.87 1.00 29.6














Seed andldriss (1966), "An analysis~fsoilliquef~clion in the Niigata Eq."
The SPT measurements before and after the earthquakeare used for predicting
liquefaction in conjunctionwith the surface...evidenceiof it.
Niigata is.Iocated on the west coast of Japan where ShinanoRiver enters the sea
The river has buill up a considerable thickness of alluvialsand deposits, which
along the.coasthave been overlfin.pydeposits of dune sand. In general the
sand depositsunderlying the cityarenelatively loose. near the ground surface,
but gets denser with increasing depth.The sand extents to a depth of -100'
and alluvialdeposits to 200-300'. In the vicinityof river the ground is relatively
flat. NiigataCity was below sea level about thousand years ago and the bay
was dottedwith several small islands. TheEQ was the first large vibration the
recent deposits had experienced.
The epicenterof the earthquake is located some 35 miles north of the city.
From the seismograph, located in the basement of an apartmentbuilding
it was estimated that the PGA at Niigatawas of the order of 0.16 g. The soil below
seismograph liquefiedduring the earthquake. It is interesting to note the marked
change in form of record from a predominantlyshort periodmotion to a long
period motionwhich occurred after about 8 seconds.
Seed et al (84) adopted a rod energy of 73 % (average Japanese energy value)
for non-liquefied sites and 65 % (Japanese lower bound) for liquefied sites.
Water table was at 1-2 m except dune sand.
SPT values were taken before and after the earthquake.
SPT enerqv % was estimated. as 65"1obySeed et al. (84}
Of Data
This Study Seed elal(84) This Study
t: Yes Yes. Ds() 0.200 ± 0.035
Data B "IoFines 8.0 ± 2.0
ICritical 16.4 - 32.8 "IoPI
Depth GltvT (tt) 3.0 ± 1.0
cry 2553.7± 315.7 3960 N 9.4 ± 1.2
cry' (psf) 1205.4± 182.9 2090 CR 0.99
am., (g) 0.160 ± 0.024 0.16 Cs 1
rd 0.78±0.110 0.91 CB 1
CSR 0.172± 0.038 0.18 Ce 1.09
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15.0 - - -, - - r - - ,
Depth (m) Depth (ft) CSR N CN CR (N1)60
5.0 16.4 0.183 7 1.53 0.92 10.8
6.0 19.7 0.181 8 1.42 0.95 11.8
7.0 23.0 0.175 9 1.33 0.98 12.7
8.0 26.2 0.167 10 1.25 1.00 13.7
9.0 29.5 0.158 11 1.19 1.00 14.3















Seed andldriss (1966), '.'An analysis of soilliquef~ctlon!in the Niigata Eq."
T~El.§FTrneasurements before and after the earthquake were used for predicting
Iiquefacticll1 in conjunction with the surfaceevicjenc:eoflt.
Niigata is located on the west coast ofJap~nWhere Shinano River enters the sea
The river has built up a considerablethi.ckness of alluvial sand deposits, which
along the coast have been.overlain byde;posits of<dune sand. In general the
sand deposits underlying the city arerelatively loose near the ground surface,
but gets denser with increasing depth. The sand extents to a depth of -100'
and alluvial deposits to 200-300'.. In the vicinity of river the ground is relatively
flat. Niigat~ city was belpw se~ level about thousand years ago and the bay
was ditted with several small islands.The EQ was the first large vibration the
recent deposits had experienced.
The epicenter of the earthquake/was located some 35miles north of the city.
From the seismograph, located in the basement of an apartment building
it was estimated that the PGA at Niigata was of the order of 0.16 g. The soil below
seismograph IiqLJefied dLJringthe earthquake. It is interesting to note the marked
change in form of record from a predominantly short period motion to a long
period motion which occurred after about 8 seconds.
Seed et al (84) adopted a rod energy of 73 % (average Japanese energy value)
for non-liqLJefied sites and 65 % (Japanese lower bound) for liquefied sites.
Water table was at 1-2 m except dune sand.
SPT values were taken before and after the earthquake.
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Seed and Idriss (1966), "An analysis ofsoil liquefaction in the Niigata Eq."
Surface cracking and ejection of sand and water; flooding of sand and water
over the ground surface.
Niigata is located on the west coast of Japan where Shinano River enters the sea
The river has built up a considerable thickness of alluvial sand deposits, which
along the coast have been overlain by deposits of dune sand. In general the
sand deposits underlying the city are relatively loose near the ground surface,
but gets denser with increasing depth. The .sandextents to a depth of -100'
and alluvial deposits to 200-300'. In the vicinity of river the ground is relatively
flat. Niigata citywas below sea level about thousand years ago and the bay
was ditted with several small islands. TheEQ was the first large vibration the
recent deposits had experienced.
The River Site was located> 10 m from the bank of the Shinano river. The site
was reclaimed by in 1955 by constructing a dike along the river channel.
The top 1 rn consists of uncompectecfill dumped in air. Undensified fine sand
dumped through water belweElndepth of 1-3m. From 3-5m overconsolidated
medium sand deposits. Fluvial river deposits consisting of medium sand
with occasionalsilt lenses. Below 15 ma silt layer underlain by uniform coarse
sand. The epicenter of the earthquake was located some 35 miles north of the city.
From the seismograph, located in the basement of an apartment building
it was estimated that the PGA at Niigata was of the order of 0.16 g. The soil below
sEli~mogrClph liquefied during tre>Elarthquake. It is interesting to note the marked
c8Cln.gElinform of record from.apr7?.Dminantly short period motion to a long
Pl3rJodmoti.on which occurredaftera.b?ul 8 seconds.
SPTyalues were taken before Cindaft7rthe earthquake.
SPTenerav was estimated as 65 % bv/Seed et al. (84)
Summary of Data


















































































Depth (m) Depth (ft) CSR N CN CR (N1)60
3,5 11,5 0,184 4 1.84 0.87 7.0
4.3 14.1 0.182 3 1.69 0.90 5.0
4.5 14.8 0.181 6 1.65 0.90 9.8
5,5 18.0 0,173 4 1.51 0.94 6.2
6.5 21.3 0.163 11 1.41 0.96 16.3
7.5 24.6 0.151 13 1.32 0.99 18.5
8.5 27.9 0.140 10 1.24 1.00 13.6
9.5 31.2 0.129 9 1.18 1.00 11.6
10.5 34.4 0.120 10 1.13 1.00 12.3
11.5 37.7 0,112 8 1.08 1.00 9.4













Seed and Idriss (1966), "An analysis of soil liquefaction in the Niigata Eq."
No surface evidence of liquefaction
Comments: Niigata is.18s~te.d8ptpe west coast of Japan where Shinano River enters the sea
The riverhas<builLupa considerable thickness of alluvial sand deposits, which
along thecoast have beenoverlail1 by deposits of dune sand. In general the
sand deposits underlying the city are rel<ltiv~lyloose near the ground surface,
but gets denser with increasing depth. The sand extents to a depth of -100'
and alluvial deposits to 200-300'.lp.tg.13.yisinityof river the ground is relatively
flat. Niigatacity was below sea level. about tnousand years ago and the bay
wasdittedwith several small islands, The EQ was the first large vibration the
recent deposits had experienced.
The HoadSite was located on level ground adJacent to the road - 350 m from
the Shinano River bank. The top 1,5 m consists of surface soil which is underlain
to a depth of4 m by silt and sandy silt. Below 4 m the soil profile consists of
alternate layers of medium sand and silt to a depth of 16 rn.
The epicenter of the earthquake was located some 35 miles north of the city.
From the seismograph, located in the basement of an apartment building
it was estimated that the PGA at Niigata was of the order of 0,16 g. The soil below
seismograph liquefied during the earthquake, It is interesting to note the marked
change in form of record from a predominantly short period motion to a long
period motion which occurred after about 8 seconds.
Seed et 8'1(84) estimated PGA for the site.~littl.e higher (0.18 g) than the
rE!cor9~d9ne probably due to no de-amplification at non-liquefied sites,
S779~t~.L(84) adopted a rodeQeWY8f73 % (average Japanese energy value)
forppp-1i9uefied sites and 65rD(.J~pan7~7 lower bound) for liquefied sites.
SPTy~hJ~s were taken beforei\thE!e~.nhq~ake.
SPTenergywas estimated as65%bySeed et al. (84)
Summary of Data



















































































-':':"1':':" - - -
Depth (m) Depth (ft) CSR N CN CR (N1)60
3.0 9.8 0.122 3 1.53 0.85 4.2
4.0 13.1 0.137 3 1.40 0.89 17.7
5.2 17.1 0.145 9 1.29 0.93 11.8
6.0 19.7 0.145 12 1.23 0.95 15.3
7.0 23.0 0.143 17 1.16 0.98 21.1
8.0 26.2 0.137 12 1.10 1.00 14.5
9.0 29.5 0.130 9 1.06 1.00 1004












Takada et al (1965) in Japanese Fear et al. (1995)
Seed and Idriss (1966), "An analysis of soil liquefaction in the Niigata Eq."
.The deck spans G3 to G7 collapsed.The left end of the bridge was separated
from the bank; piles in the piers deformed.
Comments: Niigata islocated on thelNest coast of Japan where Shinano River enters the sea
The river has pUil1 upa considerable thickness of alluvial sand deposits, which
along the coast havebe7n overlain bydeposlt~ofdune sand. In general the
sand deposits underlying the city are relativelyJoose near the ground surface,
but gets denser with.increasing depth. The sand extents to a depth of -100'
and alluvialdeposits to 200-300' .. In the vicinity of river the ground is relatively
flat. Niigatacity was.below sealevel aboutthousand years ago and the bay
was ditted.with several small islands. The EO was the first large vibration the
recent deposits qadexperienced.
Showa.8ridge experienced damage during Niigata Earthquake.
Coarse San.d Layer:the most recent strata; approximately 13 m thick at the
left bank,decreasingto-5 m at the right bank;ia mixture of silt, loam, small
gravel and organicmaterial.
Medium Sand Layer: 15 m thick at the right bank (top of strta just more than 5m
deep) increasing in depth and decreasing in thickness from the right to left
bar)k;approximately 3 m thick at the left bank; some organic material, coarse
sand, fine sand and iron sand, causing variations in N.
Fine ::;ar)d Layer: Deeper than 16-18 m; dark blue gray color; some parts
contain silt and iron sand; N>30
Thei7pi.c:.enterof the earthqua.~e ""a~.lo.c~t7dsome 35 miles north of the city.
F"E9TT1th7seismograph, locate9ilrlith7.paS;7ment of an apartment building
it.""asi.7~timated that the PGA~tNiiga~~",,~sof the order of 0.16 g. The soil below
s7i~Tl'lggEaph liquefied duringth7/7~~P9Y~Ke. It is interesting to note the marked
c:pange.jp form of record fromapr799rnin~ntlyshort period motion to a long
P7riodTl'l0tion which occurred~~er •••~9gyt§iseconds.
SPTy~J.yes were taken before. aQ.d af\ertqe earthquake.
SPTenergy was estimated as65 %bY Seedetal. (84)
Summary of Data
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35.0
30.0
Depth (m) Depth (ft) CSR N CN CR (N1)60
1.5 4.9 0.245 4 2.00 0.77 6.7
3.5 11.5 0.224 4 2.00 0.87 7.6
4.0 13.1 0.217 4 1.89 0.89 7.3













Takada etaL(1965)i~Japanese .. . . et al. (1995)
Seedand.ldriss (1966), "An analysis of soil liquefaction in the Niigata Eq."
No damage to Iittle8~rJ1age..
Niigata is 10sated9flth~ west coast oLJapan where Shinano River enters the sea
The river has built upa considerable thickness of alluvial sand deposits, which
along the coast hav~p~e~ overlain bydeposits of dune sand. In general the
sand deposits underlyingJhe city are relatively loose near the ground surface,
but gets deqser with increasing depth. The sand extents to a depth of -100'
and alluvial deposits to 200-300'. In the vicinity of river the ground is relatively
flaLNiigata city was below sea level about thousand years ago and the bay
was dotted with several small islands. The EO was the first large vibration the
recent deposits had experienced.
Showa Bridge experienced damage durinQTheNiigata Earthquake.
Coarse.Sand Layer:thernost r~cent strata; approximately 13 m thick at the
left bank,.decreasingto -.5 m at the right bank; a mixture of silt, loam, small
gravel and organicmaterial.
MediumSand Layer: 15 m thick at the right bank (top of strta just more than 5m
deep) increasing in dElptband decreasing ill thickness from the right to left
bank; approximately 3.m thick at the left bank; some organic material, coarse
sand, fine sand and iron sand, causing variations in N.
Fine Sand Layer: Deeper than 16-18 m; dark blue gray color; some parts
contain silt and iron sand; N>30
The epicenter of the earthquake was located some 35 miles north of the city.
From the seismograph, located in the basement of an apartment building
it was estimated that the PGA at Niigata was of the order of 0.16 g. The soil below
seismograph liquefied during the earthquake. It is interesting to note the marked
change in form of record from a predominantly short period motion to a long
period motion which occurred after about 8 seconds.
SPT values were taken after the earthquake.





















































































35.0 35.0 1- "7" -.1- - -t
I I I
I I I
I 40.0 - I- - - I - - -I40.0 - - - _1·_.,.• - -
Depth (m) Depth (ft) OSR N ON OR (N1)60
5 16.4 0.181 27 1.35 0.92 40.6













Balboa Blv. Unit C
Bennett et al. (1998)
Cracks and lateral spread
The. Northridge Earthquake of January 17, 1994 caused widespread ground
deformations on tb~ gently Slopiug~Huvial fan .surface. of the $an Fernando
Valley. The San F~rnando V911l:'y ..isastructural valley in southern California,
which is filled with up to 4500 mof Tertiary sedimentary rock and alluvial
sediment. Holocene age alluvial gravels,sands,and finer sediment with an
aggregate thickness rangingfrClm ...8~12 m immeqiately underlie the gently
sloping valley f1oor.The~lIuyiumwa~deposited.bYisediment-laden floodwaters
that flowed out of !besurrQundiPQmountain canypns.
The Balboa Bo.yll:'.vardsite.isClnth~ino~hernmarginof the San Fernando Valley
where a 5 km long beltcjefjned.tlya cornplex pattern of ground cracks formed
in the Granada and Mission+Jills.Groupq.pra9ksinmgst of the belt developed
in Holocene allu.viymon.ag~ptlesouth-~IClping.7urfap~. The site is underlain
by Holocene silty.~andto.le.<:l.nclaythatrangesinthickness from 8-10 m.
The uppermostunit,A,isl~s~than1 .. m!bickandiconsists offill and reworked
sandy silt and lean clay with sand. Theypperpartofthe primary Holocene
section, unit 8, consistsof.~hl:'et f1opdanddebrisflow deposits and the lower
part unit C, consistsofJluyialc:l~posits.The locations ofrnClxirnumPClmpression
and extension correlate closely with where the water table falls below the base
of the Holocene fluvial unit C. The part of unit C below water table has an average
fines content of 52% and clay content of 18 %. Only 8 SPTs in unit C are below
water table. Unit D is much coarser grained but is still very silty. Average fines
content is 48%. 44 SPTs in unit D.
PGA was recorded as 0.83 and 0.47g 2.3 km east of the study site at Los Angles
Department of Water and Power Rinaldi Receiving station. Other nearby recorded
PGA's were as high as 0.94 g; contoured regional maps of peak acceleration
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Malden Street Unit D
Bennett et al. (1998)
Cracks and lateral spread
The Northridge E~rthquakeofJanuary 17,1994 caused widespread ground
deformations on the gently sloping alluvial fan surface of the San Fernando
Valley. The San Fernando Valleyis.a structural valley in southern California,
which is filled with~pt?~500mipf Tertiary sedimentary rock and alluvial
sediment. Holocen~;agEl~II~yi~lwavels,sands, and finer sediment with an
aggregate thicknessrangingfrom-!3-12 m immediately underlie the gently
sloping valley floor.The alluviurT1v.'asdep07it~dby sedimemt-Iaden floodwaters
that flowed out of the surrounding mountain canyons.
The Malden Street site is located couple of kms north west from the epicenter.
Ground failure at the Mald Elrl Street was part.ot an approximately 0.5 km long
E-W system of cracks that boke sewers and water lines and damaged
foundations ofsElveral~ingIEl-farT1i1ydwellings.TheJ.ailureis underlain by B.5m
of Holocene lean to sandy lean clay. Groundwater beneath the failure zone was
at a depth of about 3.9 m and no sands were encountered within the Holocene
sediment beneath the water table. The Holocene material includes unit A, a
blanket of compacted fill, and unit B, multiple 5-20 em thick fining upward
sequences. Unit B consists of overbank and sheetflood deposits associated
with flood events. The most conspicuous stratigraphic marker is the contact
between Holocene clay and upper Pleistocene silty sand, unit 0 at a depth of
SPTs were conducted in unit D, average fines and clay contents are 43 and 18
% respectively.
PGA was recorded as 0,47 and 0.36g 1 km south-west of the stUdy site at NRG.
Contoured regional maps of peak acceleration imply a value of 0.52 g. Site





















































































Depth (m) Depth (tt) CSR N CN CR (N1)ao
9.1 29.9 0.257 25.0 0.90 1.00 25.5
9.2 30.0 0.256 21.0 0.90 1.00 21.3
9.8 32.2 0.242 30.0 0.87 1.00 29.7


















Potrero Canyon Unit C
Bennett et al.(1998)
Cracks and lateral spread
The Northridge Earthquakeof January 17, 1994 caused widespread ground
deformations on the gently slopinq alluvial fan surface of the San Fernando
Valley. The San Fernando Valley is a structural valley in southern California,
which is filled with up to 4500 rn of T!rtiarysedirnEmtary rock and alluvial
sediment. Holocene age alluvial gravels, sands, and finer sediment with. an
aggregate thickness ranginQ from. -8-12 mimmediately underlie the gently
sloping valley floor.The alluvium was deposited by sediment-laden floodwaters
that flowed out of the surrounding mountain canyons.
Potrero Canyon is a narroW5.kmlong E-W yall!y incised into Pliocene
sedimentary rock on the north flank of theSanta. Susana Mountains. Altough it
is about 22 km NNW of the epicenter of the Northridge earthquake, it is near the
up dip projection of the seismoqenic.rupture surface. Ground failure inpotrero
Canyon consisted of two zones of ground cracks along the north and south
edges of the valley. Cracks forrTl.ed i~alluvium at or near the contact between
the valley fill and the Pliocene. bedrock forming the adjacent valley walls,
Horizontal displacements across ground cracks were at least 10 em,
The Valley .is underlain byJinegrained Holocene sediment, unitsAand C, most
of which is below the water table, Depth to groundwater was about 2.5 m. The
uppermost unit, A, is a homogeneous lean clay to silt with an average thickness
of 2.7 m. The remainderof Holocene section, unit C, consists of lean clay to
sandy silt with lenses of silt and silty sand, C1. The Holocene sediment rests
on dense silty sand, which may either Pleistocene or part of Pliocene Pico
Formation, unit D. The average fines and clay contents for unit Care 57 and
11 % respectively.
PGA was recorded as 0.43 and 0,37g 3.8 km east of the study site at NWS,
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Depth (m) Depth (ft) CSR N CN CR (N1)60
6.1 20.0 0.258 9.0 1.06 0.93 10.1













Wynne Ave. Unit C1
Bennett etal. (1998)
Cracks and lateral spread
The Northridge Earthquake of January17( 1994 caused widespread ground
deformations on the gently slopingialluvialfan surface of the San Fernando
Valley. The SanFernandoyalley is a structural valley in southern Callfornia,
which is fil.ledwith up to 4yOO mofTertiary sedimentary rock al1d .alluvial
sediment. Ijolocene age alluvial gravels, ~ands, and finer sediment with an
aggregate.thickness ranging from ...8-12 m immediately underlie the gently
sloping valley floor. The alluvium \',las deposited by sediment-laden floodwaters
that flowed out of the surrounding mountain canyons.
Th.e Wynne Ave. site is located coupleiofkms nortq east from the epicenter.
Ground failure at the Wynne Ave. site. consisted o1.an 150 m long by 12 rn wide
d0Vl,'I1 dropped block. Vertical offs.et across cracks ranged from 100-200 mm.
Gr?~ndwater bepeath the failurEl.zpne was was at a depth of about 4.3 m.
The site is underlain by 2 m of silty sand and sandy lean clay, unit A, which
in turn is underlaInby1.2-11m ofHol()cene sandysiltto lean clay, unit Band C.
Unit B consists of multiple fining upward sequences of overbank and sheetflood
deposits that were deposited in a flood basin between major distributary flood
channels. Unit.c, Which is texturally comparable to B, is distinguished by the
presence of lenticular sand layers. Immediately beneath the failure, two sand
layers are intercalated in unit C at depths of 6 and 10m. The shallower sand
layer, C1, is about 2 m thick. Deeper sand layer C2, is 1.5 thick. Both layers
have average fines and clay content of 38 and 11 %.
PGA was recorded as 0.47 and 0.36g 1.7 kmsouth-east of the study site at NRG.
Contoured regional maps of peak acceleration imply a value of 0.50 g. Site
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Depth (m) Depth (ft) CSR N CN CR (N1)60
6.1 20.0 0.310 10.0 1.02 0.93 10.7
6.4 21.0 0.308 12.0 1.00 0.94 12.8


















On February 9,1971, a magnitude ML 6.4 earthquake caused major damage
in the.San Fernando Vall.ey, CA. One facility that received heavy damage was
San Fernando Valley Juvenile Hall. The site is lOcated north of the main
trace ..of surface faulting on the upthrust block. About 50 sand boils occurred in
the field south of the Juvenile Hall near boring 10. Sand boils also occurred in
the northwestern and northeastern parts of Upper Van Norman Lake. The lateral
spread lies in the north-central part bfSan Fernando Valley within a small
synclinal basin bounded on the north and south by hills compo~ed ofclastic
sedimentary rocks. The basin contains several al.luvial fans that originate from
Welden,Grapevine, and Sombrero canyons.
On the basis of sediment properties and penetration data,fourunits
have been defined; From top to bottom the units are A, poorly sorted, loose to
medium-dense silty sand; 8,veryloosetploose poorly spried.silty ~and to silt;
C, medium-dense to dense, poorly sorted silty sand; and D,stiff clayey silt.
Unit B is divided into two subunits, B1 and B2 on the basis of grain size and
plasticity. Subunit 81 consists of poorly sorted, loose sandy silt and silty sand,
it has an average sand and gravel content of 38 %, an average clay content of
10 %. Subunit B2 consists of very loose, poorly sorted sandy silt and silt. It
has an average clay content of 19 %. Unit B2 is probably not susceptible to
liquefaction due to large clay fraction. Unit B has a PI of 3-10 %.
PGA was estimated at the crest and the abutments of Lower San Fernando
Dam as 0.55. and 0.48 g. A value of 0.45 is adopted as used by Seed et al (84)
SPT enerQY.y.'~sgiven as 68 % <iii< •
THE BORI>f'JGSMAY NOT BE IDENTICALWITH THE ONE USED BY
SEED ETAL.(84).
Summary of Data
This Study Seed et al (84) This Study
Liquefied? Yes Yes 0 50 0.050 ± 0.010
Data Class A % Fines 55.0 ±5.0
Critical Depth Range 14.4 - 20.7 20 %PI 3-10
Depth to GWT (ft) 14.0 ± 2.0 15
av(psf) 1703.0± 125.1 2330 N 3.5 ± 0.8
av' (psf) 1481.3 ± 127.6 2000 CR 0.90
amax (g) 0.450 ± 0.045 0.45 Cs 1
rd 0.81 ± 0.082 0.95 Cs 1
CSR 0.273 ± 0.046 0.325 CE 1.13
Equivalent Magnitude 6.6 CN 1.16
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I
I
40.0 - "" - t- - 't
Depth (m) Depth (tt) CSR N CN CR (N1 )60 FC(%) ClayContent ('!o)
2.8 9.1 NA 5.0 1.52 0.79 6.8 72 11 BH6
3.7 12.1 NA 2.0 1.32 0.84 2.5 48 16 BH6
4.4 14.3 0.256 3.0 1.22 0.87 3.6 62 12 BH6
4.6 15.3 0.262 4.0 1.20 0.88 4.8 56 12 BH4
4.6 15.3 0.262 4.0 1.20 0.88 4.8 56 12 BH4
5.4 17.8 0.273 4.0 1.16 0.91 4.8 46 9 BH4














Lateral Spreading, sand boils
On February 9, 1971, a magnitudeML 6.4 earthquake caused major damage
In the San Fernando Valley, CA. One facility that received heavy damage was
the San Fernando Valley Juvenile Hall. The site is located north of the main
trace of surface faulting on the upthrust block. About 50 sand boils occurred in
the field south of the Juvenile Hall near boring 10. Sand boils also occurred in
the northwestern and northeastern parts of Upper Van Norman Lake. The lateral
spread lles in the north-central part of San Fernando Valley within a small
synclinal basin bounded on the north and south by hills composedofclastic
sedime~tary rocks. The basin cpntains .several aUuvial fans that originate from
Welden, Grapevine, and Sombrero canyons.
On the basis of sediment properties and penetration data, four informal units
ha.veb~e~d~fined; From topto bottorn .the units. are A,poorlysorted, loose to
medium-dense silty sand; B, very loose to loose poorly sorted silty sand to silt;
C, medium-dense to dense, poorly sorted silty sand; and 0, stiff clayey silt.
Unit B is divided into two subunits, B1 and 82 on the basis of grain size and
plasticity. Subunit B1 consists of poorly sorted, loose sandy silt and silty sand,
i! has an average sand and gravel content of 38 %, an average clay content of
10 %. Subunit 82 consists of very loose, poorly sorted sandy silt and silt. It
has an average clay content of 19 %. Unit 82 is probably not susceptible to
liquefaction dueto larqe clay fraction. Unit B has a PI of 3-10 %.
PGA was estimated at the crest and the abutments of Lower San Fernando
Dam as 0.55 and 0.48 g. A value of 0.45 is adopted as used by Seed et al (84)
SPT energYv.'Clsi~iven as 68 %
THE 80RINC'SMAY NOT BE IDENTICAL WITH THE ONE USED BY
SEED ETAL.(84).
Summary of Data
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Depth (m) Depth (ft) CSR N CN CR (N1)60 Fe (%) Clay Content
2.7 8.8 NA 8.0 1.55 0.78 11.0 42 14 BH11
3.4 11.3 NA 6.0 1.37 0.82 7.7 46 19 BH11
4.3 14.3 NA 4.0 1.22 0.87 4.8 58 20 BH10
4.5 14.8 NA 6.0 1.19 0.87 7.1 40 12 BH11
5.0 16.3 NA 6.0 1.14 0.89 6.9 45 7 BH10
5.4 17.8 0.268 11.0 1.10 0.90 12.4 30 8 BH11
5.6 18.3 0.271 4.0 1.09 0.91 4.5 58 7 BH10
6,2 20.3 0.280 7.0 1.07 0.93 7.9 47 14 BH11
6.5 21.3 0.284 7.0 1.06 0.94 7.9 70 13 BH10


















The rivers are the Alamo and New Rivers along many sand boils
were developed on fluvial deposits.
Heber Road site is -60 km to the epicenter. Due to the lack of significant surface
trace of the fault rupture, it is difficult to estimate the closest distance to the
fault rupture. A soil PGA of 0.36g was recorded at EI Centro array site # 5,
which is -15 km north of Heber Road site. Based on attenuation relationships,
site response analyses and available recordings, a PGA in the range of 0.12-0.16
was estimated. Based on site response analyses results, a PGA value
of 0.16 g was adopted.
ASTM D1586-67 procedures were followed for SPT tests. 10" outside diameter
hollow-stem auger was used with Safe-T- Driver and safety hammer for the drillings
in 1979 and 1981. Donut Hammer with rope cathead was used for the drillings in





























































Depth (m) Depth(ft) G5R N GN GR (N1l. 0
1.8 5.9 0.097 15 1.84 0.73 22.8
2.12 7.0 0.106 28 1.75 0.75 41.5
2.45 8.0 0.113 32 1.66 0.77 46.5
3.35 11.0 0.124 35 1.48 0.82 48.3
2.8 9.2 0.118 29 1.59 0.79 41.3


















is as thick as
The principal rivers along which many sand boils
were developed on tluvlai depcslts:
Heber Road site -60 to t.heepicenter. Due to the lack of significant surface
trace of the fault rupture, it is the closest distance to the
fault rupture. A soil PGA of 0.36g was recorded at EI Centro array site # 5,
which is -15 kms north of Heber Road site. Based on attenuation relationships,
site response analyses and available recordings, a PGA in the range of 0.12-0.16
~t~.~:t~~ated. Site response analysis results suggests a PGA value
ASTM D1586-67 procedures were followed for SPT tests. 10" outside diameter
hollow-stem auger was used with Safe-T- Driver and safety hammer for the drillings
in 1979 and 1981. Donut Hammer with rope cathead was used for the drillings in



































































Depth (m) Depth (tt) CSR N CN CR (N1),a
1.2 3.9 NA 3 2.38 0.68 5.5
2 6.6 0.100 1 1.90 0.74 1.6
2.3 7.5 0.108 5 1.85 0.76 8.0
2.8 9.2 0.119 1 1.77 0.79 1.6
3 9.8 0.123 1 1.74 0.80 1.6
3.4 11.2 0.129 2 1.69 0.82 3.1
3.6 11.8 0.132 1 1.66 0.83 1.6
3.8 12.5 0.134 7 1.64 0.84 10.9
4.2 13.8 0,138 3 1.59 0.86 4.7
4.3 14.1 0.138 4 1.58 0.86 6.2
4.4 14.4 0.139 5 1.57 0.87 7.7


























Youd et al. (1982), "Liquefaction sites, Imperial Valley, CA
No surface manifestation of liquefaction
The Imperial Valley lies in the southern part of the Salton Basin, which was
formed by northward extension of the crustal rifling that opened the Gulf of
California. The basin is underlain by as much as 20,000 fl of Tertiary and
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
Heber Road site -60 km to the epicenter. Due to the lack of significant surface
trace of the fault rupture, it is difficult to estimate the closest distance to the
fault rupture. A soil PGA of 0.36 g was recorded at EI Centro array site # 5
which is -15 kms north of Heber Road site Based on attenuation relationships,
site response analyses and available recordings, a PGA in the range of 0.12-0.16
g was estimated. Site response analysis results suggest a PGA value
ofO.13g.
ASTM D1586-67 procedures were followed for SPT tests. 10" outside diameter
hollow-stem auger was used with Safe-T- Driver and safety hammer for the drillings
in 1979 and 1981. Donut Hammer with rope cathead was used for the drillings in


































































Depth (m) Depth (ft) CSR N CN CR (N1).0
1.2 3.9 NA 6 2.00 0.68 9.2
2.1 6.9 0.089 8 2.00 0.75 13.6
2.6 8.5 0.098 12 1.72 0.78 18.3
3.35 11.0 0.108 19 1.60 0.82 28.3
4 13.1 0.113 13 1.52 0.85 19.0
4.3 14.1 0.114 17 1.48 0.86 24.7
4.4 14.4 0.115 9 1.47 0.87 13.0



















Liquefaction during the 1981 and
Previous Earthquakes Near Westmorland, File Rep. 84-680
No surface evidence of liquefaction
Imperial Valley lies in the southern part of the Salton Basin, which was
formed by northward extension of the crustal rifting that opened the Gulf of
California. The basin is underlain by as much as 20,000 ft of Tertiary and
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
A: silty clay, stiff-lacustrine and/or flood plain deposit
B: silty and sandy silt-fluvial and perhaps fluvial.deltaic deposition
C: silty clay to clay, stin-I~custrine ang!8~fl.8Ppplain deposit
0: interbedded.siIt~pg.sand-loose to mediurT1dense
E: Uniforrpsapp.vvitb.some siit-medi~111 d7psetodense
F: interbecJd7P~ilt.~p.9sand- loose t0 rTl7.di.ymipense.
D-F :f1uvi~I~P9iP7r.b.~RS fluVial-deltaicd7gp~WOn
PGA wasiSE!porde9~ttN: ..Kornbloomiro~9ia~o.t4. g ., (temp. seismograph)
Site responseal1alysis results suggestasliggtlyhigher PGA of
0.17 9
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(N')60
10 20 30 0.0
CSR
0.' 0.2
Depth (m) Depth (tt) CSR N CN CR (N1)60
1.52 5.0 NA 4 2.00 0.71 6.4
1.67 5.5 NA 2 1.96 0.72 3.2
1.82 6.0 NA 5 1.87 0.73 7.7
2.28 7.5 NA 7 1.68 0.76 10.1
2.45 8.0 NA 3 1.62 0.77 4.2
2.74 9.0 0.105 7 1.53 0.79 9.6
2.89 9.5 0.108 1 1.51 0.80 1.4
3.04 10.0 0.111 3 1.49 0.81 4.1
3.66 12.0 0.120 7 1.43 0.84 9.5
3.8 12.5 0.122 9 1.41 0.84 12.1
3.96 13.0 0.124 2 1.40 0.85 2.7
4.56 15.0 0.128 3 1.34 0.87 4.0
4.56 15.0 0.128 8 1.34 0.87 10.6
4.56 15.0 0.129 5 1.34 0.87 6.6
5.03 16.5 0.131 5 1.30 0.89 6.6
5.3 17.4 0.131 9 1.28 0.90 11.8
5.48 18.0 0.132 12 1.27 0.91 15.7



























Bennett et al. (1984) and Fear et al. (1995)
James Gerard Bierschwale (1984), Andrus and Stokoe, (1997)
No surface manifastation of liquefaction
Imperial Valley lies in the southern part of the Salton Basin, which was
formed by northward extension of the crustal rifting that opened the Gulf of
California. The basin is underlain by as much as 20,000 ft of Tertiary and
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
Located between the Alamo River and the Redwood Canal.
A: very fine sand (fining upwards)-Ioose sand that filled the relic channel.
B: stiff silty clay
Radio Tower Site is - 40 km away from the epicenter of the earthquake. The
recorded PGA at g) suggest a




Liquefied? No D50 0.105 ± 0.003 0.105
Data Class A % Fines 31.0 ± 3.0 31
Critical Depth Range 5.0 - 13.0 %PI
Depth to GWT (ft) 5.0
crv(psf) 875.0 ± 135.9 N 5.3 ± 2.6 3
crv'(psf) 625.4 ± 8004 CR 0.79 0.75
am_x (g) 0.160 ±0.020 Cs 1 trd 0.95 ± 0.025 CB 1CSR 0.140 ± 0.024 CE 1.13 1.05
Equivalent Magnitude 6.7 CN 1.79 1.62


























Depth (m) Depth (ft) CSR N CN CR (N1)60
0.762 2.5 NA 13 2.00 0.63 18.6
0.762 2.5 NA 5 2.00 0.63 7.2
1.524 5.0 ###It 4 2.00 0.71 6.4
1.524 5.0 ###It 2 2.00 0.71 3.2
2.1336 7.0 ###It 9 1.91 0.75 14.6
2.286 7.5 ###It 7 1.87 0.76 11.3
2.286 7.5 ###It 3 1.87 0.76 4.9
2.8956 9.5 ###It 1.76 0.80 1.6
3.048 10.0 ###It 7 1.74 0.81 11.1
3.048 10.0 ###It 7 1.74 0.81 11.1
3.6576 12.0 ###It 8 1.65 0.84 12.5
3.81 12.5 ###It 7 1.63 0.84 10.9
3.81 12.5 ###It 4 1.63 0.84 6.2
4.572 15.0 ###It 14 1.53 0.87 21.3























Th~lmperialvalley lies in the part of Salton. Basin, which was
formed by northward extension of the crustal rifting that opened the Gulf of
Californi.a. The basin is underlain by as much ad 20,000 ft of Tertiary and
quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
A: very poorly sorted, soft brown clay and silt-flood plain deposit
B: brown, loose to med.dense silt to fine sand- sediment at base is well sorted
very fine sand fining upwards to poorly sorted silt-channel deposit
C: very stiff brown clayey silt to clay-lacustrine
0: med dense sand
PGA was recorded at the surface and at 6.7 m depth of Wildlife site as 0.18 and
0.17g respectively. The epicentral distance is ...30.2 km same as Wildlife site.
Andrus and Stoke (NCEER, 97) predicted the PGA at the site as 0.2 g same
as the PGA at Wildlife site. Site response analyses results also verify that




































































25.0 - - ,- - -
-:j 25.0 - - - ,
Depth (m) Depth (ft) CSR N CN CR (N1)60
3.3 10.8 0.161 2 1.66 0.82 3.1






by northward extension of the opened the Gulf of
California. The basin is by as much ft of Tertiary and
Quaternary marine, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
A: very poorly sorted, soft brown clay and silt-flood plain deposit
B: brown,loose to med.dense silt to fine. sand" sediment at base is well sorted
very fine sand fining upwards to poorly sorted silt-channel deposit
C: very stiff brown clayey silt to clay-lacustrine
D: med dense sand
PGA was recorded at the surface and at 6.7 m depth of Wildlife site as 0,18 and
0.17g respectively. The epicentral distance is -30.2 km same as Wildlife site.
Andrus and Stoke (NCEER, 97) predicted the PGA at the site as 0.2 g same
as the PGA at Wildlife site. Site response results suggest a PGA of 0.18g


















































































lDepth (mj] Depth (tt) I CSR I N T CN CR I (N1)60
r 2.3 I 7.5 10.1211 11 I 1.79 0.76 I 17.0
Mean: 17.0




U 'Q"'"'t-''''' "''"' the Gulf of
of Tertiary and
lacustrine sEldirnerl~. Holocene sediment
which many sand boils
were developed
River Park. Site is -30 km from the epicenterofthe earthquake. PGA's values
of 0.46~r?p.16 g were recorde? at Parachute (15 kms southwest) and
Brawley (-8 kms east) stations, respectively. Site response analysis result
suggest a PGA value of 0.19 g.
ASTM 01586-67 procedures were followed for SPT tests. 10" outside diameter
hollow-stem auger was. used with Safe-T Driver and safety hammer.
Energy ratio -68 %
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25.0 - - - - - - 25.0 1- - - -
1
Depth (m) Depth (tt) CSR N CN CR (N1)60
1 3;3 0.226 7 2.00 0.66 10.4
1.52 5.0 0.255 1 2.00 0.71 1.6









opened the Gulf of
ft of Tertiary and
lacustrine sediment. Holocene sediment
"Ivt:m;, i:IllJIIB which many sand boils
lNere developed on
River Park, Site the epicenter of the earthquake. PGA's values
of 0,46 and 0.16 g were recorded at Parachute (15 kms southwest) and
Brawley (-8 kms east) stations, respectively. Site response analysis result
suggest a PGA value of 0.19 g.
ASTM 01586-67 procedures were followed for SPT tests. 10" outside diameter
hollow-stem auger was used with Safe-T Driver and safety hammer.
Energy ratio -68 %


















































Cl 15,0 Cl 15,0
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Depth (m) Depth(ft) CSR N CN CR (N1)60
2.6 8.5 0.236 17 2.00 0.78 30.1
3.6 11.8 0.234 7 1.82 0.83 12.0
3.96 13.0 0.231 10 1.74 0.85 16.7
5.18 17.0 0.219 14 1.53 0.90 21.8











F., (1984), "Liquefaction the 1981 and
PreViOlJS Earthquakes Near Westmorland, CAn Open File Rep. 84-680
has liquefied. Pore pressure ratio§ exceeded 1
as 0.2 and 0.17g.
6 g.
recorded at the surface and at
epicentral distance
rfjspOJ1Se analyses results estimate a
ralUJ-tjj %
IrnperiCllvall~YHes in the§.Qythernpartof the Salton Basin, which was
formed by northward extension of the crustal rifting that opened the Gulf of
California. The basin is underlain by as much ad 20,000 ft of Tertiary and
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The site is very closely monitored. Strong ground motion seismometers were
installed at the surface and at 6.7 m depth. Piezometers were installed
almost at every meter along the potentially liquefiable layer of thickness 4 m.
A: very-loose and very soft interbedded rnica.ceous sandy silt. silt and clayey
silts (0-2.5 m) flood plain deposits
B: very loose to loose moderately sorted sandy silt (2.5-6.8m); point bar deposits
































































0.1 0.2 0.3 0.4
0.0 +---;--+----h
25.0 .I--lI-_~-l.J
Depth (m) Depth (tt) CSR N CN CR (N1 )60
2.75 9.0 0.191 4 2.00 0.79 7.2
3.35 11.0 0.198 5 1.87 0.82 8.7
3.6 11.8 0.200 5 1.82 0.83 8.6
4.3 14.1 0.202 11 1.71 0.86 18.4
4.45 14.6 0.202 13 1.68 0.87 21.6
5.3 17.4 0.199 10 1.57 0.90 16.0












7.8 (Ms) (-Mw = 8)
Coastal Region
Shengcong et al (1983)
Fear et al. (1995)
Liquefied
This site is located in the south-east of Tangshan City, south OfJing Shan
Railway, in zone of liquefaction (Source document, Fig. 11,QianJian Yeng?).
The site was identified as in the areaqf]th grade on the Chinese intensity scale
Consisted essentially of flood plainsJormedby flooding from Luan and Dou
Rivers. Luan river changed its river courseJreqUentl~. Therefore,.loosesand
deposits were very common in the region. ....i> ... ....
The Tangshan Earthquake had a focal depth of 12-16 krl'l~ndepicenter
in Tangshan City. The area bCisedon seismic il"ltensitYrnay be divided
into two regions by the Jing-Shan railway. The north of the railway is mainly
of hill areas, and experienced relatively lower seismic intensity. The
south of the railway is mainly of flood plains including plains of marine and
continental sediments.
PGA was estimated as >0.1 9
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Depth (m) Depth (ft) CSR N CN CR (N1)60
3.0 9.8 0.128 7.0 1.78 0.85 10.6
4.0 13.1 0.137 8.0 1.61 0.89 11.4
5.0 16.4 0.142 13.0 1.48 0.92 17.8












7.8 (Ms) (-Mw = 8)
Luan Nan-L1
Shengcong et al (1983)
Fear et al. (1995)
No surface evidence of liquefaction
This site was classified as in the area of 8th grade on the Chinese intensity scale.
It is located just south of the Jing Shan Railway, and south-east of Tangshan
City, in the zone of liquefaction (Source document, fig.11).
The Tangshan Earthquake had a focal depth of 12-16 km, the epicenter was
located in Tangshan City. The area based on seismic intensity may be divided
into two regions by the Jing-Shan railway. The north of the railway is mainly
of hill areas, and experienced relatively lower seismic intensity. The
south of the railway is mainly of flood plains including plains of marine and
continental sediments.
Additional borelogs for this site were obtained from a report by the Beijing
Municipal Bureau of City Planning (1982) (Fear et aI., 1995). Based on newly
available borelogs, it became apparent that representative N value selection
by Seed et al (84) can be further improved. Borelog L2 is thought to be a
better representative borelog. Probably the medium-fine sand layer liquefied
at L2 liquefied first and excess pore pressure dissipated to the neighbouring
layers causing them to liquefy as well.
Seed et al (84) used borelog L3 (probably the rest were not available)
PGA was estimated as >0,1 9
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Depth (m) Depth (ft) CSR N CN CR (N1)60
3.3 10.7 0.220 16.0 1.63 0.86 22.4
4.3 13.9 0.229 22.0 1.46 0.90 28.8












7.8 (Ms) (-Mw = 8)
Luan Nan-L2
Shengcong et al (1983)
Fear et al. (1995)
Liquefied
This site was classified as in the area of 8th grade on the Chinese intensity scale.
It is located just south of the Jing Shan Railway, and south-east of Tangshan
City in the zone of liquefaction (Source document, fig.11)
The Tangshan Earthquake had a focal depth of 12-16 km and the epicenter
was located in Tangshan City. The area based on seismic intensity may be divided
into two regions by the Jing-Shan railway. The north of the railway is mainly
of hill areas, and experienced relatively lower seismic intensity. The
south of the railway is mainly of flood plains including plains of marine and
continental sediments.
Additional borelogs for this site were obtained from a report by the Beijing
Municipal Bureau of City Planning (1982) (Fear et aI., 1995). Based on newly
available borelogs, it became apparent that representative N value selection
by Seed et al (84) can be further improved. Borelog L2 is thought to be a
better representative borelog. Probably the medium-fine sand layer liquefied
at L2 liquefied first and excess pore pressure dissipated to the neighbouring
layers causing them to liquefy as well.
Seed et al (84) used borelog L3 (probably the rest were not available)
PGA was estimated as >0.1 9
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Depth (m) Depth (tt) CSR N CN CR (N1)60
1.3 4.1 0.154 6.0 2.00 0.75 9.0
2.3 7.4 0.206 5.0 1.99 0.81 8.1
3.3 10.7 0.233 6.0 1.76 0.86 9.1
4.3 13.9 0.248 7.0 1.60 0.90 10.0
5.3 17.2 0.255 6.0 1.47 0.93 8.2
Mean: 8.8
St. Dev. 0.9









78 (Ms) (-Mw =8)
Le Ting-L8-14
Shengcong et al (1983)
Fear et al (1995)
Liquefied
This site is located in the south-east of Tangshan City, south of Jing Shan
Railway, in the zone of severe liquefaction (Source doc., Fig. 11, Qian Jian Yeng?)
The site was identified as in the area of 7th grade on the Chinese intensity scale.
Alluvial (Holocene) deposits.
Manifestations of liquefaction were observed in the coastal region. south of
Le Ting County.
The Tangshan Earthquake had a focal depth of 12-16 km and epicenter
in Tangshan City. The area based on seismic intensity may be divided
into two regions by the Jing-Shan railway. The north of the railway is mainly
of hill areas, and experienced relatively lower seismic intensity. The
south of the railway is mainly of flood plains including plains of marine and
continental sediments.
New borelogs were obtained in addition to the typical borelog (Fear et al, 1995)
PGA was estimated as >0.1 g
SPT enerov was estimated as 60 % by Seed et al. (84)
Summary of Data
This Study Seed et al(84) This Study Seed et al
Liquefied? Yes Yes 0 50 0.100 ± 0.030 0.22
Data Class B % Fines 12.0 ± 3.0 12
Critical Depth Range 11,5·19.7 %PI
Depth to GWT (ft) 3.5 ± 1.0
c, (psf) 1739.7 ± 165.7 N 9.9 ± 2.0 10
0'.' (pst) 985.6 ± 99.7 655 CR 0.91 0.75
amax (g) 0.200 ± 0.040 0.2 Cs 1
rd 0.94 ± 0.067 0.99 Ca
CSR 0.217 ± 0.048 0.155 CE 1
Equivalent Magnitude 8 CN 1.42 1.65












































Depth (m) Depth (ft) CSR N CN CR (N1)so
3.8 12.3 0.210 10.0 1,57 0.88 13.8 L10
4.3 13.9 0.214 8.0 1.49 0.90 10.7 L8
4.3 13.9 0.214 11.0 1.49 0.90 14.7 L9
4.3 13.9 0.214 9.0 1.49 0.90 12.0 L13
4.3 13.9 0.214 7.0 1.49 0.90 9.4 L14










7.8 (Ms) (-Mw = 8)
Qing Jia Ying
Shengcong et al (1983)
Fear et al. (1995)
Liquefied
Comments:
This site was classified as in the area of 9th grade on the Chinese intensity scale.
It is located in just south of the Jing Shan Railway, and south-east of Tangshan
City in the zone of Iiquefa9tion (Sourcedocum
E3nt,
Jig.11., Qian Jia Yen~?)
The Tangshan Earthqu~~e,Qada focal depth of12-18 krry,' ane the epicenter
was located in Tangshan City. The area based, on ,seismic int~rJsitymay be divided
into two regions by th~Jing-Shcmri:lil""i:ly.The north qfJh~railway is mainly
of hill areas, and experienced relatively I~wer seismi~inten~itY,.,Th~
south of the railway ismainly of flood plains including plClin~ of marine and
continental sediments.
PGA was ~stimated as >0.1g
SPT enerqv was estimated as60 % bv Seedet al.(84)'
Summary of Data














































































Depth (m) Depth (ft) CSR N CN CR (N1 )60
2.5 8.2 0.350 10.0 1.87 0.82 15.4
4.0 13.1 0.383 19.0 1.55 0.89 26.2
5.5 18.0 0.389 17.0 1.36 0.94 21.6












7.8 (Ms) (-Mw =8)
Tangshan City
Shengcong et al (1983)
Fear et al. (1995)
Non-liquefied site
This site was classified asjln the area of 11th grade on the Chinese intensity scale.
It is located in just north of.the Jing Shan Railway, and north-west of the
the epicentral area.
Sandy layers are generally de~e.r/.Y"it~thrIelatiye densityvalurs 0t
80 to 90 % and the ground water level was low,at - 5-.1 0 m, belowthe ground
surface.
The Tangshan Earthquake had a focal depth of 12-16 km and the epicenter
was located in Tangshan City, The area based on seismic inte[Jsit}' may be divided
into two regions by the Jing~ShcmJClilway, The [Jorth ofthe railwayislllainly
of hill areas, and experienced relatively lower seismic intensity, The
south of the railway is mainly of flood plains including plains of marine and
continental sediments.
PGA was estimated as >0,1 9
SPT energy was estimated as 60 % by Seed et at. (84)
of Data
This Study Seed et al (84) This Study
II
.t. No No 0 50 0.196±0.024
Data Class B % Fines 10.0 ± 2.0
Critical Depth 11.5 - 18.0 17.5 % PI
Depth to GWT 9.8 ± 1.0 10
cry (psf) 1574.8 ± 139.9 2040 N 29.7 ± 5.1
cry' (psf) 1267.7 ± 87.8 1570 CR 0.90
amax (g) 0,500 ± 0,100 0.5 Cs 1
rd 0.96 ± 0.064 0.96 Cs 1
CSR 0.386 ± 0.084 0.405 CE 1,00
Equivalent Magnitude 8 CN 1.26
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Depth (m) Depth (ft) C5R N CN CR (N1)60
3.5 11.5 0.345 32.0 1.36 0.87 37.8












7.8 (Ms) (-Mw = 8)
Yao Yuan Village
Shengcong et al (1983)
Fear et at (1995)
Sand swept in the canal; depression due to liquefaction.
An extraordinary level of damage to one-story hou.se/due to soil liquefaction
was observed in Yao Yuan Village, near Wang Tan, LeTing County. A big
sand boil into a canal due to soil liquefaction was observed. Correspondingly,
a big depression appeared. The length of the depression was around 30m,
the width and depth were around 10 m and 4m respectively. Assuming that the
groundwater level was the same with the water level in the canal (at 1 m
depth from the ground surface), the maximum pore pressure in the liquefied
sand layer at depth of 2 m was estimated as-30kN/m2which was 3 times
as I~rge as the water pressure in the canal. .Itseemsthatthis pressure gradient
induced the horizontal migration of pore water, which was easier to occur than
the vertical migration due to "impermeable" top clay layer.
PGA was estimated as >0.1 g
SPT energy was estimated as 60 % by Seed et al, (84)
Summary of Data
ThisStudv Seed et al (84) This Study Seed et al
Liquefied? Yes Yes 0 50 0.150 ± 0.050 Silt and sand
Data Class B % Fines 5.0 ± 3.0 Silt and sand
Critical Depth Range 11.5-16.4 20 %PI
Depth to GWT (ft) 3.3 ± 1.0 3
cry (psf) 1501.0 ± 101.2 2455 N 8.6± 3.8 9
cry' (psf) 835.6 ± 79.1 1395 CR 0.90
amax(g) 0.200 ± 0.040 0.2 Cs 1
rd 0.92 ± 0.061 0.96 Cs 1
CSR 0.214 ± 0.048 0.22 CE 1.00 1
Equivalent Magnitude 8 CN 1.55 1.19
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Depth (m) Depth.(ft) CSR N CN CR (N1)60
3.8 12.3 0.211 11.0 1.62 0.88 15.7
4.5 14.8 0.215 6.0 1.51 0.90 8.2
5.3 17.2 0.215 18.0 1.42 0.93 23.7




No:2 Silt with fine sand







Nature of Failure differential settlements occurred in addition to eruption "f ""d,~r
Comments:
Summary of Data
The seismic intensity of shaking was estimated as JMAIS V-VI.
In the source document, the liquefied zone was predicted at depth range of
11.5-12.5 mbased on thecriterias as folio"",:
Effective overburden pressure<2.0 kg/cm 2
0,<75%
Saturated coarse grained soil with Uc<10 and 0.074mm<D50<2.0 mm
Liquefied?
Data Class
Critical Depth Range (ft)

























































































































Depth (m) Depth (ft) CSR N CN CR (N1)60
2.0 6.6 NA 1 1.79 0.80 1.7
4.0 13.1 0.146 2 1.45 0.89 3.0
5.0 16.4 0.152 1 1.36 0.92 1.5














The subsidence of ground and extensive damage to houses. Eruption of
water during the earthquake.
Theepicenterpf thEl earthquake is located 165 kms south-sCluthwest of Nagoya
city. Borelog "Y§s obtained from .a site wheresubsidencepfthe ground and
e~tel"lsivedam§ge to houses occurred as aresult of liquElfactionof the sandy
layer. A budhist temple supported on piles did not show any settlement, but
the ground around the temple subsided -40 em and water erupted during the
earthquake.
The seismic intensity of shaking was estimated asJMAIS
In the source document,the liquefied zone was predicted in the depth range
of 2-7 m based on criterias as follow
Effective overburden pressure < 2.0 kg/cm2
0,<75%
Saturated coarse grained soil with Uc<10 and 0.074mm<Oso<2.0 mm
Tip of the piles were at 8 m below ground surface.
SPT energy was estimated as 70 % by Seed et al (1984).
Summary of Data
This Study Seed et al (84) This Study
Liquefied? Yes. Yes Oso 00400 ± 0.100
Data Class % 13.0 ± 1.0
Critical Depth Range 6.4 -16.4 17 %
Depth to GWT (ft) 6.4±1.0 7
crv(psf) 1108.1 ± 173.8 2040 N 5.9 ± 1.8
crv' (psf) 797.8 ± 98.0 1420 CR 0.87
amex (g) 0.200 ± 0.060 0.2 Cs
rd 0.93 ± 0.057 0.96 Cs 1
CSR 0.168 ± 0.055 0.18 CE 1.17
EqUivalent Magnitude 8 CN 1.58
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Depth (m) Depth(ft) CSR N CN CR (N1)60
2.4 7.9 0.142 2 1.73 0.82 3.3
3.5 11.5 0.169 4 1.58 0.87 6.4
4.0 13.1 0.177 6 1.52 0.89 9.5
5.0 16.4 0.187 8 1.42 0.92 12.2








Nature of Failure: the ground, and houses-settled as much as
Comments: south-southwest of Nagoya
The seismic intensity of sahking is estimated as JMAIS V-VI
Kishida (1969) predicted the liquefied zone to be from 0.5-5 m based on
following criteria
Effective overburden pressure<2.0 kg/cm 2
D,<75%
Saturated coarse grained soil with Uc<10 and 0.074mm<Dso<2.0 mm.
Summary of Data
Seed et al (84)
Liquefied? Yes °so
Data Class %
Critical Depth Range 1.6 - 12 %
Depth to GWT (ft) 1.6±1.0 7
av(psf) 645.9 ± 166.1 1440 N 2.0 ± 0.9
av' (psf) 340.1 ± 86.9 820 CR 0.80
amex (g) 0.200 ±0.060 0.2 Cs 1
rd 0.89 ± 0.036 0.98 Cs
CSR 0.219 ±0.079 0.225 CE 1.17
Equivalent Magnitude 8 CN 2.00
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Depth (m) Depth (tt) CSR N CN CR (N1)60
1.0 3.3 0.181 3 2.00 0.73 5.1
2.0 6.6 0.219 2 2.00 0.80 3.7
3.0 9.8 0.224 1 2.00 0.85 2.0













Aomori City (Aomori Station)
Yasuda and Tohno (1988)
The station faces sea and the north part of the stationis.used as
a landing place for ferryboats. The north part was built on reclaimed land
constructed around 1945, but the sout part was built on natural land. Liquefaction
was induced at the north part of the station during the Tokachi-Oki and the main
shock of Nihonakai-chubu EQ's, Many sand volcanoes, settlement of rails
and buildings and uplift of buried tanks were observed.
The maximum surface acceleration at Aomari Port, about 1 km north of
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Depth (m) Depth (ft) CSR N CN CR (N1)60
4.3 13.9 0.298 9.0 1.83 0.90 18.0
5.3 17.2 0.282 8.0 1.65 0.93 14.9
6.3 20.5 0.263 9.0 1.51 0.96 15.9
7.3 23.8 0.244 17.0 1.40 0.98 28.6
















No surface evidence of liquefaction. Moderate densification after earthquake.
The sites are located in the city of Hachinohe -560 kms north of Tokyo.
The site is a flat, sandy beach fronting on the Pacific Ocean.
The sites consist of sands almost entirely down to a depth of more than 20 m
from the ground surface containing large quantity of iron sand. However, the
iron sand had been excavated and backfilled with waste sand except at P2 &5
The groundwaterta.bl~ is.not deeper than 1.5 m everywhere in the site.
Site has been improved by viprofloatation.
It seems like average Japanese estimated rod energy 72.5 % has been used
by Seed et al (1984). Same values will be adopted
The epicenter was located -180 kms form the city of Hachinohe. The PGA was
recorded as 0.225 g at the harbor of Hachinohe.
Summary of Data
This Stud Seed et al (84 This Stud
Liquefied? No No 0.250 ± 0.025
Data Class 5.0 ± 2.0
Critical Depth Range 20
Depth to GWT (ft) 7
crv (pst) 2400 28.6 ± 2.1
crv' (pst) 1590 0.94
amax (g) 0.23 1
rd 0.93 ± 0.084 0.96 Cs 1
CSR 0.199 ± 0.031 0.215 CE 1.21
Equivalent Magnitude 7.9 CN 1.16
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Depth (m) Depth (ft) CSR N CN CR (N1 )60
3.5 11.5 0.178 26 1.36 0.87 37.0
4.5 14.8 0.192 24 1.24 0.90 32.7
5.5 18.0 0.199 30 1.16 0.94 39.2
6.7 22.0 0.202 31 1.07 0.97 38.9








Nature of Failure: No surface manifestation of soil liquefaction.
Comments: The sites are located in the city of Hachinohe -560 kms north of Tokyo.
The site is a flat, sandy beach fronting on the Pacific Ocean.
The sites consist of sands almost entirely down to a depth of more than 20 m
from the ground surface containing large quantity of iron sand. However, the
iron sand had been excavated and backfilled with waste sand except at P2 &5
The ground water table is not deeper than 1.5 m everywhere in the site.
Site has been improved by vibrofloatation.
It seems like average Japanese estimated rod energy 72.5 % has been used
by Seed et al (1984). Same values will be adopted.
The epicenter was located -180 kms form the city of Hachinohe. The PGA
was recorded as 0.225 g at the harbor of Hachinohe.
Summary of Data
ThisStlJdY·. Seed et al (84) This Study Seed et al
Liquefied? No No 0 50 0.250 ± 0.025 0.25
Data Class % 2.0 5
Critical Depth Range 13 %
Depth to GWT (ft) 3.0 ± 1 3
av(psf) 875.0 ± 1 1560 N 13.9± 1.4 16
av' (psf) 563.0 ± 105.6 940 CR 0.82
amax (g) 0.225 ± 0.025 0.23 Cs 1
rd 0.96 ± 0.042 0.97 Cs 1
CSR 0.219 ± 0.037 0.24 CE 1.21 1.21
Equivalent Magnitude 7.9 CN 1.88 1.41
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Depth (m) Depth (ft) CSR N CN CR (N1 )60
1.0 3.3 0.153 10 2.00 0.73 17.8
2.0 6.6 0.207 12 2.00 0.80 23.1
3.0 9,8 0,229 15 1.74 0.85 26.7















Eruption of sand and water. Significantdensification after earthquake
The sites are located in the city of Hachinohe -560 kms north of Tokyo.
The site is a flat, sandy beach fronting on the Pacific Ocean.
The sites consist of almost entirely sandy deposits down to a depth of 20 m
from the ground surface containing large quantity of iron sand. However, the
iron sand had been excavated and backfilled with waste sand except at P2 &5
The ground water table is not deeper than 1.5 m everywhere in the site.
Site has been improved byvibrofloatation:
Estimated rod energy 65 % has been used by Seed et al. Same value will
be adopted for this study.
The epicenter was located -180 kms form the city of Hachinohe. The PGA
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Depth (m) Depth (ft) CSR N CN CR (N1)60
2.0 6.6 0.244 4 2.00 0.80 7.0
3.0 9.8 0.263 4 1.95 0.85 7.2
4.0 13.1 0.267 4 1.74 0.89 6.7
5.0 16.4 0.263 5 1.58 0.92 7.9














"complete liquefaction of level ground frpwtheground surface to some depth
was observed" .• • i·< .......
"water.and soil 9~~a~ tospoLJt out fromtreground sYrfClpe soona.fterthe
beginning of the earthquake and continued for aboutan hour"
So soft, hard to walk on even a week after the earthquake
The site is located at Nanaehama beach in Kamiiso Town il'1Hokkaidolsland
Reclamation was made at the-site by hydarulic flIl atabout three years before
the earthquake. The .soJlyvas cparse grail'1~dsa[lcJ in accordance with the
unified classification system, having the 50% size of less than 2.0 mrnand
the uniformity coeffi9ient?f'ec~~.than19-1"herelativedensity was less than 75%
No fine grained strata above the saturated sand.
3 borings before the earthquake and 3 additional borings after the earthquake
SPT enerov was estimated as 70 % by Seed et al (1984)
Summary of Data




























































STANDARD PENETRATION TEST RESUl1S(NUMBER OF BLOWS)
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Depth (m) Depth (ft) CSR N CN CR (N1 )60
1.0 3.3 0.136 7 2.00 0.73 12.0
2.0 6.6 0.193 6 2.00 0.80 11.2
3.0 9.8 0.220 5 1.92 0.85 9.5
4.0 13.1 0.232 5 1.73 0.89 9.0













Bennett et al. (1984) and Fear et al. (1995)
James Gerard Bierschwale. (1984)
Youd, T.L., Wieczorek G. F., (1984), "Liquefaction during the 1981 and
Previous Earthquakes Near Westmorland, CA" Open File Rep. 84-680
More than one hundred sand boils erupted at this site. The boils are widely
scattered but generally occurred in poorly defined bands. Some of the boils
erupted along short ground fissures. The unique aspect of the Kornbloom site
is that the liquefied sediments were primarily silty material.
.the extent of the liquefiable silt layer is from 5-22'.
The Imperial Valley lies in the southern part of the Salton Basin, which was
formed by northward extension of the crustal rifting that opened the Gulf of
California. The basin is underlain by as much as 20,000 ft of Tertiary and
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
A: silty clay, stiff-lacustrine and/or flood plain deposit
B: silty and sandy silt-fluvial and perhaps fluvial deltaic deposition
C: silty clay to clay, stiff-lacustrine and/or flood plain deposit
0: interbedded silt and sand-loose to medium dense
E: Uniform sand with some silt-medium dense to dense
F: interbedded silt and sand - loose to medium dense.
D-F :f1uvial and perhaps fluvial-deltaic deposition
PGA was estimated based on earthquake specific attenuation relationship for
alluvium sites as min. 0.24, mean 0.28 and max 0.46 g.
at the site. Based on site specific response analyses PGA was estimated as
0.19 g
Energy ratio -68 %
Summary of Data
This Study Seed et al (84) This Study Seed et al
Liquefi~d? Yes Yes 0 50 0.045 ± 0.020 0.045
Data Class A % Fines 92.0 ± 10.0 92
Critical Depth Range 8.5 -17.0 14 %PI
Depth to GWT (tt) 9.0 9
CJv (psf) 1248.8 ± 154.1 1615 N 5.4 ± 2.6 5
CJv' (psf) 1014.8 ± 88.9 1305 CR 0.85
1amax (g) 0.190 ± 0.025 0.32 Cs 1rd 0.83 ± 0.012 0.97 Cs 1 1.05CSR 0.140 ± 0.020 0.26 Ce 1 13
Equivalent MagnitUde 5.9 CN 1.40 1.22



















o 10 20 30
0.0 t-1rr----:----i
Depth (m) Depth (tt) CSR N CN CR (N1)60
1.52 5.0 NA 4 2.00 0.71 6.4
.67 5.5 NA 2 1.96 0.72 3.2
1.82 6.0 NA 5 1.87 0.73 7.7
2.28 7.5 NA 7 1.68 0.76 10.1
2.45 8.0 NA 3 1.62 0.77 4.2
2.74 9.0 0.114 7 1.53 0,79 9.6
2.89 9.5 0.117 1 1.51 0.80 1.4
3.04 10.0 0.120 3 1.49 0.81 4.1
3.66 12.0 0.130 7 1.43 0.84 9.5
3.8 12.5 0.132 9 1.41 0.84 12.1
3.96 13,0 0.134 2 1.40 0.85 2.7
4.56 15.0 0.138 3 1.34 0.87 4.0
4.56 15.0 0.138 8 1.34 0.87 10.6
4.56 15.0 0.138 5 1.34 0.87 6.6
5.03 16.5 0.140 5 1.30 0.89 6.6
5.3 17.4 0.141 9 1.28 0.90 11.8
5.48 18.0 0.141 12 1.27 0.91 15.7
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Ranch A
Bennett et al. (1984) and Fear et al. (1995)
James Gerard Bierschwale. (1984)
No surface evidence of liquefaction
The Imperial Valley lies in the southern part of the Salton Basin, which was
formed by northward extension of the crustal rifting that opened the Gulf of
California. The basin is underlain by as much as 20,000 ft of Tertiary and
Quaternary marine, continental,and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
Located between the Alamo River and the Redwood Canal.
A: very fine sand (fining upwards)-Ioose sand that filled the relic channel.
B: stiff silty clay
Mc Kim Ranch is -25 km from the epicenter of the earthquake. At SUP
seismographic~t~ti()P.vvDichis - located atanepicentral distance of 24 km,
PGA was record~d.~~9.1.~(deep alluviaIsite).
Based on earthquElk~i~PEl8i~c attenuationrelatippship, the mean and standard
deviation were.e~tlrnat~cJ.i3s0.12± 0.06 g'i/
PGA was estimatedbySElEld et al (1984) ...0.09g.
Energy ratio -68%
Summary of Data
This Study Seed et al(84) This Study Seed et al
Liquefied? No No 0 50 0.105 ± 0.003 0.105
Data Class B % Fines 31.0 ± 3.0 31
Critical Depth Range 5.0 - 13.0 7 %PI
Depth to GWT (ft) 5.0 5
CJv (psf) 875.0 ± 135.9 800 N 5.3 ± 2.6 3
CJv' (psf) 625.4 .± 80.4 675 CR 0.79 0.75
ama• (g) 0.090 ± 0.023 0.51 Cs 1 1rd 0.93 ± 0.010 0.99 CB 1 1.05CSR 0.080 ± 0.022 0.07 CE 1.13
Equivalent Magnitude 5.9 CN 1.79 1.62






















Depth (m) Depth (ft) CSR N CN CR (N1)6o
0.762 2.5 NA 13 2.00 0.63 18.6
0.762 2.5 NA 5 2.00 0.63 7.2
1.524 5.0 0.056 4 2.00 0.71 6.4
1.524 5.0 0.056 2 2.00 0.71 3.2
2.1336 7.0 0.068 9 1.91 0.75 14.6
2.286 7.5 0.070 7 1.87 0.76 11.3
2.286 7.5 0.070 3 1.87 0.76 4.9
2.8956 9.5 0.077 1 1.76 0.80 1.6
3.048 10.0 0.079 7 1.74 0.81 11.1
3.048 10.0 0.079 7 1.74 0.81 11.1
3.6576 12.0 0.083 8 1.65 0.84 12.5
3.81 12.5 0.083 7 1.63 0.84 10.9
3.81 12.5 0.083 4 1.63 0.84 6.2
4.572 15.0 0.085 14 1.53 0.87 21.3



















earihclua,keis.. V," V",. at sandboils
created a new pond
Smlall fis!;UrI3S devepoed around the pond
river flood plane locally in the
southern narror rne Salton Basin, which was
"'l(t,~n",inn of the crustal that opened the Gulf of
1111(~",r1::lin by as much as 20,000 ft of Tertiary and
continental, and lacustrine sediment. Holocene sediment
as thick as 330 ft.
principal rivers are the Alamo and New.Rivers along which many sand boils
were developed on fluvial deposits.
A: very poorly sqrted, soft brown clay and silt-flood plain deposit
B: brown, loose to med.dense silt to fine sand- sediment at base is well sorted
very fine sand fining upwards to poorly sorted silt-channel deposit
C: very stiff brown clayey silt to clay-lacustrine
D: med dense sand
Radio Tower Site is 10 km from the epicenter of the earthquake. At Brawley
seismographic station which is - 4 km from the River Park site and at an
epicentral distance of 16 km, PGA was recorded as 0.17 and 0.15g (deep
alluvium site). Based on earthquake specific attenuation.relationships
the mean and standard deviation of PGA were estimated as 0.18 ± 0.025
PGA was estimated as - 0.20 g by Seed et al (1984)
Based on site response analyses results, PGA was estimated as 0.17 g
Ener ratio -68 %
Summary of Data
This Stud Seed et al
Liquefied? 0.047 ± 0.015 0.047
Data Class B 75.0 ± 10.0 75
Critical Depth Range 9.8 - 18.0 1
Depth to GWT (tt) 6.6 7
O'v(pst) 1291.8± 134.7 1270 N 4.8 ± 3.7 2
a v' (psf) 831.2 ± 80.9 1020 CR 0.80 Iame• (g) 0.170 ± 0.020 0.2 Cs 1 1.05rd 0.89 ± 0.012 0.96 Cs 1CSR 0.140 ± 0.023 0.16 CE 1.13
Equivalent Magnitude 5.9 CN 1.55 1.36
MSF 1.45 (N t )60 6.8 ± 5.2 3
CSRN 0.11
319
'eft.cretl" r•• a".ncv In \l:dp.U:













































Depth(m) Depth (ft) CSR N CN CR (N1)60
3.3 10.8 0.136 2 1.66 0.82 3.1














§enne~. etaL(1984) and Fearetal.( 19~5)
Li9uefied duringboth.the:J979andi198tearthguakes. Several sandboils
eJ(peUe:dcons.iderabl.e:voILJITl~sot'Nate:r.Cindsandand created a new pond
new the: radiot0\'.leratthe:site,SmaUfissures devepoed around the pond
and larger fissuresdevelopedatthe margin of.the river flood plane locally in the
adjace:ntbluff~.This boreloQ.isfro.lTli the "nonliguefied" section
The.lmperial VaUeylies .inthesouthern partofthe Salton Basin, which was
formed by northward extension of the crustal rifting that opened the Gulf of
California. The basin is underlain by as much ad 20,000 ft ofTertiary and
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
A: very poorly sorted, soft brown clay and silt-flood plain deposit
B: br0Yl'n, loose tomed.dense silt to fine sand- sediment at base is well sorted
very fine sand fining upwards to poorly sorted silt-channel deposit
C: very stiff brown clayey silt to clay-lacustrine
0: med dense sand
Radio Tower Site is 10 km from the epicenter of the earthquake. At Brawley
seismographic station which is - 4 km from the River Park site and at an
epicentral distance of 16 km, PGA was recorded as 0.17and 0.15g (deep
aUuvium site). Based on earthquake specific attenuation relationships
the mean and standard deviation of PGA were estimated as 0.18 ± 0.025
PGA was estimated by Seed et al (1984) -0.20 g
Based on site response analyses results, PGA was estimated as 0.16 g.
Energy ratio -68 %
Summary of Data
This Study Seed et at (84) This Study Seed et al
Liquefied? No No 0 50 0.100 ± 0.020 0.1
Data Class B % Fines 30.0 ± 5.0 30
Critical Depth Range 6.6 - 9.8 7.5 %PI
Depth to GWT (ft) 6.6 7
av (psf) 746.4 ± 56.2 830 N 11.0 ± 1.8 11
av' (psf) 644.0 ± 63.6 800 CR 0.77 0.75
am•x (g) 0.160 ± 0.020 0.2 Cs 1 1rd 0.98 ± 0.010 0.98 Cs 1CSR 0.115±0.019 0.13 CE 1 13 1.05
Equivalent Magnitude 5.9 eN 1.76 1.51
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[Depth (m)l Depth (tt) I CSR I N I CN CR I (N1 )60
I 2.3 I 7.5 10.1071 11 I 1.79 0.76 I 17.0
Mean: 17.0











Youd et al. (1983), "Liquefaction sites, Imperial Valley, CA .
Hundreds of sand boils, a slump, and numerous small ground cracks. Water
continued to seep from a few sand boils for two weeks.
The Imperial Valley lies in the southern part of the Salton Basin, which was
formed by northward extension of the crustal rifting that opened the Gulf of
California. The basin is underlain by as much as 20,000 ft of Tertiary and
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
River Park Site is 14 km from the epicenter of the earthquake. At Brawley
seismographic station which is - 4 km from the River Park site and at an
epicentral distance of 16 km PGA was recorded as 0.17 and 0.15g (deep
alluvil site). PGA was estimated by Seed et al (1984) -0.21 g
Based on site response analyses results, PGA was estimated as 017 g
ASTM 01586-67 procedures were followed for SPT tests 10" outside diameter
hollow-stem auger was used with Safe-T Driver and safety hammer.
Energy ratio -68 %
SPT blowcounts were taken in 1979 and 1981
Summary of Data
This Study Seed et al (84) This Study Seed et al
Liquefied? No No 0 50 0.040 ± 0.010 0.04
Data Class B % Fines 80.0 ± 10.0 80
Critical Depth Range 10 - 5 9 6 0/0 PI
Depth to GWT (ft) 1.0 1
crv(psf) 323.0 ± 78.4 735 N 2.7 ± 2.3 3
cry' (psf) 170.0 ± 40.6 425 CR 0.66
I
0.75
ama• (g) 0.170 ± 0.020 0.21 Cs 1
rd 0.99 ± 0.003 0.99 CB 1
CSR 0.185 ± 0.043 0.235 Ce 1 13 1.05
Equivalent Magnitude 5.9 CN 2.00 1.88




























- - - -
20.0
25.0 - 25.0 r- - - -
,
Depth (m) Depth (ft) CSR N CN CR (N1)60
1 3.3 0.202 7 2,00 0.66 10.4
1.52 5.0 0.227 1 2.00 0.71 1.6

















Youd et al. (1983), "Liquefaction sites, Imperial Valley, CA
Hundreds of sand boils, a slump, and numerous small ground cracks. Water
continued to seep from a few sand boils for two weeks.
The Imperial Valley lies in the southern part of the Salton Basin, which was
formed by northward extension of the crustal rifting that opened the Gulf of
California. The basin is underlain by as much as 20,000 ftof Tertiary and
Quaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
River Park Site is 14 km from the epicenter of the earthquake At Brawley
seismographic station which is - 4 km from the River Park site and at an
epicentral distance of 16 km, PGA was recorded as 0.17 g (deep allivual
site) PGA was estimated by Seed et al (1984) -0.21 g Site response analysis
results suggest a PGA value of 0.17 g
ASTM 01586-67 procedures were followed for SPT tests 10" outside diameter
hollow-stem auger was used with Safe-T Driver and safety hammer.
Energy ratio -68 %











































































Depth (m) Depth (tt) CSR N CN CR (N1)60
2.6 8.5 0.210 17 2.00 0.78 30.1
3.6 11.8 0.207 7 1.82 0.83 12.0
3.96 13.0 0.205 10 1.74 0.85 16.7
5.18 17.0 0.193 14 1.53 0.90 21.8













sldes.of a3 kmJong stretch of Alamo River








The ImperialValley lies in the southern part ofthe Salton Basin, which was
forT'r)ed by northward extension of the crustal rifting that opened the Gulf of
Californif ..Ih~<gfsin i~ underlain bya~much.ap20jOOO ft of Tertiary andQuaternary marine, continental, and lacustrine sediment. Holocene sediment
is as thick as 330 ft.
The principal rivers are the Alamo and New Rivers along which many sand boils
were developed on fluvial deposits.
A: very loose and very soft interbedded micaceous sandy silt, silt and clayey
silts (0-2,5 m) flood plain deposits
B: very loose to loose moderately sorted sandy silt (2.5-6.8m); point bar deposits
C: silty clay (medium to very stiff) and clayey silt (medium to stiff); lacustrine
deposit.
PGAwas recorded at a one-storyb~Heingynderlain by deep alluvium as 0.21 g
~tep.i.(;€lntr.al distance of 92 km. Ipereipil1psurface faulting. The site is located
....~.!5krnfrom the epicenter. Als0i:ltIJl/LFrstation PGA was recorded as 0.19
i:l999.>18~. Based on site response. analyses results, PGA was estimated as








































































Depth (m) ~pth ( CSR N CN CR (1\11)60
2.75 9.0 0.242 4 2.00 0.79 7.2
3.35 11.0 0.251 5 1.87 0.82 8.7
3.6 11.8 0.254 5 1.82 0.83 8.6
4.3 14.1 0.255 11 1.71 0.86 18.4
4.45 14.6 0.255 13 1.68 0.87 21.6
5.3 17.4 0.250 10 1.57 0.90 16.0





Site response analyses for field performance case histories.
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Material No. and Modulus Reduction RelationshipReference
(1) Sun et al., (1988) G/Gmax vs. Strain for clay with PI<lO
(2) Sun et al., (1988) G/Gmax vs. Strain for clay with 10<PI<20
(3) Sun et aI.,(1988) G/Gmaxvs. Strain for clay with 20<PI<40
(4) Sun et al., (1988) G/Gmax vs. Strain for clay with 40<PI<80
(5) Sun et al., (1988) G/Gmax vs. Strain for clay with PI>80
(6) Seed et al., (1984-b) G/Gmax vs. Strain for sand with cr'm<l ksc.
(7) Seed et al., (1984-b) G/Gmal( vs. Strain for sand with 1<cr'rn<3 ksc.
(8) Seed et al., (1984-b) G/Gmax vs. Strain for sand with cr'm>3 ksc.
(9) Seed et al., (1984-b) G/Gmax vs. Strain for gravels
(10) Schnabel et al., (1972) G/Gmax vs. Strain for rocks
(11) Sun et al., (1988) O/Omax vs. Strain for Bay Mud
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Balboa Boulevard-Northridge Earthquake (1994)
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Malden Street-Northridge Earthquake (1994)
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Wynne Avenue-Northridge Earthquake (1994)
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MBARI NO:3 EB-I-Loma Prieta Earthquake (1989)
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MBARI NO:3 EB-5-Loma Prieta Earthquake (1989)
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SFOBB-I-Loma Prieta Earthquake (1989)
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Woodward Marine UC-B4 - Lorna Prieta Earthquake (1989)
Lorna Priota-Gilroy Array # 1.090
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Moss Landing UC~Bl ~ Loma Prieta Earthquake (1989)
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Marine Lab. HI - Lorna Prieta Earthquake (1989)
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Marine Lab. B2 - Lorna Prieta Earthquake (1989)
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Miller Farm eMF 3 - Loma Prieta Earthquake (1989)
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Miller Farm eMF 8 ~ Lorna Prieta Earthquake (1989)
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Miller Farm eMF 10 - Loma Prieta Earthquake (1989)
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Port of Richmond POR-4 - Lorna Prieta Earthquake (1989)
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Miller Farm - Lorna Prieta Earthquake (1989)
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Farris Farm - Lorna Prieta Earthquake (1989)
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Radio Tower B2 - Superstition Hills (1987)
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Kornbloom - Superstition Hills (1987)
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Heber Road A2 - Superstition Hills (1987)
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Radio Tower B2 - Westmoreland (1981)
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River Park A & C - Westmoreland (1981)
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Heber Road A3 - Imperial Valley (1979)
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Radio Tower Bl- Imperial Valley (1979)
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Wildlife Site -Imperial Valley (1979)
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Proprietary field performance case histories for alluvial
sites in the 1995 Hyogoken-Nambu (Kobe) Earthquake.
381
The field performance case histories summarized in this appendix are proprietary,
and we are not able, at this time, to present the full boring logs for these cases. Instead,
only the SPT test data and a summary of key soil characteristics and indices, within the
critical stratum, are presented. . Researchers who desire additional information are
encouraged to contact Prof. Seed.
Figure C-I shows the locations of the proprietary field cases summarized in this
appendix. All of the sites in question are sites at which the critical stratum is alluvial soil,
rather than fill. These sites, inboard of the extensive coastal fills, sustained generally
higher levels of acceleration than were experienced in the coastal fills. These alluvial
sites also do not have the problems associated with the relatively ubiquitous presence of
gravelly particles in the coastal "Masado" fills.
Figure C-I also shows contours of peak horizontal acceleration, based on regional
studies of site response and employing dynamic response analyses to account for both
shallow and deep stratigraphic and material effects. The results of these response studies
correlate well with observed concentrations of structural damages. Minor further
modifications of the projected peak accelerations of Figure C-I were made in interpreting
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Figure C-l; Case History Site Locations and Estimated amax Distribution.
Earthquake: .1995 Hyogoken-Nambu
Magnitude: 7.2 (Md
Location: Kobe No: 1
References: Kobe City Office, Construction Engineering Research Institute (1999)
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class B % Fines 4.0 ± 1.5
Critical Depth Range 16.4 - 23.0 % PI
Depth to GWT (ft) 7.7±1.0
cry (pst) 2186.7 ± 138.4 N 42.3 ± 2.3
cr,y' (psf) 1439.4 ± 96.4 CR 0.95
ame• (g) 0.400 ± 0.060 Cs 1
rd 0.93 ± 0.082 Cs
CSR 0.368 ± 0.066 CE .22
Equivalent Magnitude 6.9 CN 1.18


























































Depth (m) Depth (ft) CSR N CN CR (N1 )60
4.3 14.1 0.338 69.0 1.32 0.90 99.6
5.3 17,4 0.359 43.0 1.23 0.93 59.9
6.3 20,7 0.370 41.0 1.16 0.96 55.4






Location: Kobe No: 2
References: Kobe City Office, .~ . Research
Nature of Failure: No surface manifestation nt
Comments:
Summary of Data
Liquefied? No D50 0.000 ± 0.000
Data Class 8 % Fines 15.0 ± 5.0
Critical Depth Range 16.4 - 39.4 OfoPI
Depth to GWT (ft) 9.5 ± 1.0
crv(pst) 3112.2 ±448.0 N 34.8 ± 7.8
cry' (pst) 1963.7 ± 223.9 CR 1.00
amax (g) 0.400 ± 0.060 Cs 1
rd 0.83 ± 0.110 Cs 1
CSR 0.341 ± 0.071 CE 1.22
Equivalent Magnitude 6.9 CN 1.01
































pepth (m Depth (ft CSR N CN CR (N1 )60
3.3 10.8 0.273 32.0 1.37 0.86 45.8
5.3 17.4 0.329 33.0 1.19 0.93 44.5
6.3 20.7 0.341 41.0 1.12 0.96 53.7
7.3 24.0 0.345 36.0 1.07 0.98 46.0
8.3 27.2 0.342 40.0 1.02 1.00 49.6
9.3 30.5 0.334 28.0 0.98 1.00 33.2






Location: Kobe No: 3
References: Kobe City Office, ~ Research (1999)
Nature of Failure: No surface manifestation VI
Comments:
Summary of Data
Liquefied? No D50 0.000 ± 0.000
Data Class 8 % Fines 4.0 ± 1.0
Critical Depth Range 11.5 - 24.6 %PI
Depth to GWT (ft) 8.2 ± 1.0
cry (psf) 1993.1 ± 256.9 N 39.5 ± 5.2
cry' (pst) 1378.9 ± 136.4 CR 0.94
amax (g) 0.400 ± 0.060 Cs 1
rd 0.91 ± 0.076 Cs 1
CSR 0.343 ± 0.063 CE 1.22
Equivalent Magnitude 6.9 CN 1.20
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Depth (m Depth (ft CSR N CN CR (N1 )60
3.3 10.8 0.292 28.0 1.41 0.86 41.4
4.3 14.1 0.323 39.0 1.31 0.90 55.6
5.3 17.4 0.341 40.0 1.22 0.93 55.2
6.3 20.7 0.349 46.0 1.15 0.96 61.6






Location: Kobe No: 4
References: Kobe City Office, '-'VII,H' u ...."IJII:::. Research 999)
Nature of Failure: No surface manifestation
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class B % Fines 4,0±1.0
Critical Depth Range 9.8-21.3 %PI
Depth to GWT (ft) 6.7 ± 1,0
crv(pst) 1602.7 ± 205.9 N 28.4 ± 3.5
cry' (pst) 1049.9 ± 109.2 CR 0.91
amax (g) 0.400 ± 0.060 Cs 1
rd 0,90 ± 0.067 CB 1
CSR 0.358 ± 0.066 CE 1.22
Equivalent Magnitude 6.9 CN 1.38
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Jepth (m Depth (ft CSR N CN CR (N1)60
3.3 10.8 0.320 26.0 1.54 0,86 41.8
4,3 14.1 0.350 24.0 1.42 0.90 37.3
5.3 17.4 0.365 30.0 1.33 0.93 45.2






Location: Kobe No: 5
References: Kobe City Office, Construction Engineering Research Institute (1999)
Nature of Failure: No surface manifestation of liquefaction
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class 8 % Fines 2.0 ± 1.0
Critical Depth Range 21.3 - 36.1 %PI
Depth to GWT (ft) 9.9 ± 1.0
cry (psf) 3251.8 ± 295.5 N 5.8 ± 1.3
cry' (psf) 2078.7 ± 165.1 CR 1.00
amax (g) 0.350 ± 0.045 Cs 1
rd 0.71 ±0.113 Ca 1
CSR 0.252 ± 0.053 CE 1.22
Equivalent Magnitude 6.9 CN 0.98
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bepth (111 Depth (ft CSR N CN CR. (N1 )60
7.3 24,0 0,266 6,0 1,05 0,98 7.5
8.6 28.2 0.254 5,0 0.99 1,00 6.0
9,3 30,5 0.245 4,0 0,96 1.00 4.7
10,3 33,8 0,230 7,0 0,92 1,00 7.9
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Jepth (m Depth (ft CSR N CN CR (N1)60
4.3 14.1 0.317 18.0 1.30 0.90 25.6
6.3 20.7 0.326 18.0 1.15 0.96 24.1






Location: Kobe No: 7
References: Kobe City Office, Research I_~"',,'-
',,' ."
Nature of Failure: No surface manifestation OT
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class A % Fines 0.0 ± 0.0
Critical Depth Range 14.1-27.2 % PI
Depth to GWT (ft) 10.4 ± 1.0
cry (psf) 2325.1 ± 258.3 N 21.5 ± 1.3
cry' (psf) 1682.3 ± 141.2 CR 0.96
amax (9) 0.400 ± 0.060 Cs 1
rd 0.81 ± 0.085 Cs 1
CSR 0.293 ± 0.056 CE 1.22



















































Depth (m Depth (ft CSR N CN CR (N1)60
4.3 14.1 0.276 21.0 1.22 0.90 28.0
6.3 20.7 0.293 32.0 1.09 0,96 40.7
7,3 24.0 0.288 23.0 1.04 0.98 28.6






Location: Kobe No: 8
References: Tokimatsu, K. Personal -
.
Nature of Failure: No surface manifestation ot
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class A % Fines 0.0 ± 0.0
Critical Depth Range 13.1 -19.7 % PI
Depth to GWT (ft) 9.7±1.0
crv (pst) 1674.0 ± 124.2 N 17.3 ± 2.0
cry' (pst) 1254.4 ± 87.7 CR 0.92
amax (g) 0.500 ± 0.075 Cs 1
rd 0.89 ± 0.070 Cs 1
CSR 0.386 ± 0.069 Ce 1.22
Equivalent Magnitude 6.9 CN 1.26
MSF (N1)so 24.5 ± 2.9
CSRN
398
(N1)eo eSR0.2 0.3 0.4




, 5.0 - - - t - - 15.0





























- - -'- -
30.0














Jepth (m Depth (ft CSR N CN CR (N1)60
4.0 13.1 0.359 18.0 1.34 0.89 26.0
5.0 16.4 0.386 15.0 1.26 0.92 21.2






Location: Kobe No: 9




Nature of Failure: No surface manifestation of liquefaction
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class A % Fines 3.0 ± 1.0
Critical Depth Range 10.8-17.4 %PI
Depth to GWT (ft) 9,1±1.0
O'v (psf) 1531.5 ± 132.8 N 8.7 ± 3.8
0': (psf) 1218,3 ± 88.2 CR 0.90
amax (9) 0.500 ± 0.075 Cs 1
rd 0,89 ± 0.061 Cs 1
CSR 0.365 ± 0.064 Ce 1.22
Equivalent Magnitude 6.9 CN 1.28
MSF (N1)60 12.1 ± 5.3
CSRN
400
(N1)eo CSR0.2 0.3 0.4
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Depth (m Depth (ft CSR N CN CR (N1)60
3.3 10.8 0.333 8.0 1.38 0.86 11.6
4.3 14.1 0.365 5.0 1.28 0.90 7.0













Kobe No : 10
Tokimatsu, K. Personal Communication (2000)
No surface manifestation ofliqlJefl2ctiion
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Depth (m Depth (ft CSR N CN CR (N1 )60
6.0 19.7 0.382 20.0 1.06 0.95 24.5
7.0 23.0 0.385 27.0 1.02 0.98 32.6
8.0 26.2 0.378 20.0 0.98 1.00 23.8






Location: Kobe No : 11
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Liquefied
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class B % Fines 5.0 ± 1.0
Critical Depth Range 12.3 - 32.0 %PI
Depth to GWT (ft) 4.8 ± 1.0
crv(pst) 2301.5 ± 352.0 N 5.5 ± 1.5
cry' (pst) 1216.5 ± 167.4 CR 0.97
amBX (g) 0.500 ± 0.075 Cs 1
rd 0.70 ± 0.090 Cs 1
CSR 0,429 ± 0.090 Ce 1.22
Equivalent Magnitude 6.9 CN 1.28
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Depth (m Depth (ft CSR N CN CR (N1)60
3.8 12.3 0.453 7.0 1.58 0.88 11.8
4.5 14.8 0.461 5.0 1.49 0.90 8.2
5.3 17.2 0.458 6.0 1.41 0,93 9.6
6.0 19.7 0.446 4.0 1.34 0.95 6.2
6.8 22.1 0.429 6.0 1.28 0.97 9.1
7.5 24.6 0.407 7.0 1.23 0.99 10.4
8.3 27.1 0.384 6.0 1.18 1.00 8.6
9.0 29.5 0.359 5.0 1.14 1.00 7.0






Location: Kobe No: 12
References: Kobe City Office, Research 999)
Nature of Failure: Liquefied
Comments:
Summary of Data
Liquefied? No 0 50 0,000 ± 0,000
Data Class A % Fines 13,0 ± 3.0
Critical Depth Range 14.1 - 20,7 %PI
Depth to GWT (ft) 10,5±1.0
crv(psf) 1773.3 ± 125.4 N 19.6 ± 1.0
cry' (psf) 1343.4 ± 89.4 CR 0.92
amax (g) 0.500 ± 0.075 Cs 1
rd 0.83 ± 0.073 Cs 1
CSR 0.355 ± 0.065 Ce 1.22
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Depth (m Depth (ft CSR N eN CR (Nilao
4.3 14.1 0.338 20.0 1.29 0.90 28.2
5.3 17.4 0.355 19.0 1.22 0.93 26.2






Location: Kobe No : 13
References: Kobe City Office, 1999 (In Confidential
Nature of Failure: Liquefied
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class A % Fines 18.0 ± 3.0
Critical Depth Range 16.4 - 26.2 % PI
Depth to GWT (tt) 7.5 ± 1.0
crv(pst) 2201.4 ± 183.4 N 9.3 ± 1.0
cry' (pst) 1341.6±110.1 CR 0.96
amax (g) 0.500 ± 0.075 Cs 1
rd 0.81 ± 0.087 Ce 1
CSR 0.433 ± 0.083 Ce 1.22
Equivalent Magnitude 6.9 CN 1.22
MSF (N1)60 13.3 ± 1.5
CSRN
408
Depth (m Depth (ft CSR N CN CR (N1)60
5.0 16.4 0.427 10.0 1.33 0.92 14.9
6.0 19.7 0.434 8,0 1.25 0,95 11.6
7.0 23.0 0.429 10.0 1.19 0.98 14.1
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Depth (m Depth (ft CSR N CN CR (N1 )60
4.3 14.1 0.341 17.0 1.30 0.90 24.1
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Depth (m Depth (ft CSR N CN CR (N1 )60
4.7 15,3 0,311 12,0 1.22 0,91 16.2
5.4 17,7 0.319 14,0 1.18 0.93 18.7






Location: Kobe No : 16
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Liquefied/Nonliquefied
Comments:
Summary of Data
Liquefied? NolYes 0 50 0.000 ± 0.000
Data Class A % Fines 5.0 ± 1.0
Critical Depth Range 13.1 - 16.4 %PI
Depth to GWT (ft) 8.0 ± 1.0
cry (pst) 1510.0 ± 71.3 N 17.5 ± 1.0
cry' (pst) 1090.3 ± 74.8 CR 0.90
amax (g) 0.600 ± 0.090 Cs 1
rd 0.93 ± 0.064 Cs 1
CSR 0.500 ± 0.088 CE 1.22
Equivalent Magnitude 6.9 CN 1.35
















5.0 - - -' - - -,
,
10,0









































35.0 - - -1- - -
,
400
Depth (m Depth (ft CSR N CN CR (N1 )80
4.0 13.1 0.480 18.0 1040 0.89 27.2






Location: Kobe No : 17
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Liquefied/Nonliquefied
Comments:
Summary of Data
Liquefied? Yes D50 0.000 ± 0.000
Data Class A % Fines 5.0 ± 1.0
Critical Depth Range 9.8-19.7 % PI
Depth to GWT (ft) 2.5 ± 1.0
crv(pst) 1537.9 ± 179.5 N 13.1 ±4.5
cry' (pst) 770.2 ± 103.4 CR 0.90
amax (g) 0.500 ± 0.075 Cs 1
rd 0.93 ± 0.064 Cs 1
CSR 0.602 ± 0.112 CE 1.22
Equivalent Magnitude 6.9 CN 1.61
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Depth (m Depth (ft CSR N CN CR (N1 )60
3.0 9.8 0.570 10.0 1.89 0.85 19.5
3.8 12.3 0.592 7.0 1.73 0.88 13.0
4.5 14.8 0.602 13.0 1.61 0.90 23.1
5.3 17.2 0.603 20.0 1.51 0.93 34.2






Location: Kobe No: 18
References: Tokimatsu, K. Personal Communication (2000)
Nature of Failure: Liquefied/Nonliquefied
Comments:
Summary of Data
Liquefied? No D50 0.000 ± 0.000
Data Class B % Fines 0.0 ± 0.0
Critical Depth Range 29.5 - 39.4 %PI
Depth to GWT (ft) 25.1±1.0
cry (psf) 3836.1 ± 217.0 N 40.5 ± 4.3
cry' (pst) 3252.7 ± 149.1 CR 1.00
amax (g) 0.700 ± 0.105 Cs 1
rd 0.62 ± 0.131 Cs 1
CSR 0.333 ± 0.087 CE 1.22
Equivalent Magnitude 6.9 CN 0.78












































)epth (m Depth (ft CSR N CN CR (N1 )60
9.0 29.5 0.354 33.0 0.82 1.00 32.8
10.0 32.8 0.341 44.0 0.79 1.00 42.5
11.0 36.1 0.324 42.0 0.77 1.00 39.5






Location: Kobe No : 19
References: Tokimatsu, K. Personal Communication (2000)
Nature of Failure: Liquefied/Nonliquefied
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class B % Fines 10.0 ± 1.0
Critical Depth Range 23.0 - 26.2 %PI
Depth to GWT (ft) 20.0 ± 1.0
cry (pst) 2629.6 ± 103.9 N 19.5 ± 0.9
cry' (pst) 2343.0 ± 101.6 CR 0.99
amax (9) 0.600 ± 0.090 Cs 1
rd 0.86 ± 0.099 Cs 1
CSR 0.377 ± 0.072 CE 1.22
Equivalent Magnitude 6.9 CN 0.92
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Jepth (m Depth (ft CSR N CN CR (N1)60
7.0 23.0 0.372 20.0 0.94 0.98 22.4






Location: Kobe No: 20
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Nonliquefied
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class B % Fines 0.0 ± 0.0
Critical Depth Range 13.1 - 26.2 % PI
Depth to GWT (ft) 6.6 ± 1.0
cry (psf) 2198.2 ± 258.5 N 46.2 ± 1.4
cry' (pst) 1379.3 ± 139.4 CR 0.95
amax (g) 0.550 ± 0.090 Cs 1
rd 0.93 ± 0.082 Cs 1
CSR 0.529 ± 0.102 CE 1.22
Equivalent Magnitude 6.9 CN 1.20






5.0 - - - -' - -,
I
I































30.0 - - ~ . - ~
I ,
I r







Depth (m Depth (ft CSR N CN Cfl (N1 )60
4.0 13.1 0.482 50.0 1.39 0.79 66.8
5.0 16.4 0.512 50.0 1.29 0.84 65.6
6.0 19.7 0.529 50.0 1.20 0.88 64.3
7.0 23.0 0.533 50.0 1.14 0.91 63.0






Location: Kobe No: 21
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Nonliquefied
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class B % Fines 0.0 ± 0.0
Critical Depth Range 9.8-13.1 % PI
Depth to GWT (tt) 5.4 ± 1.0
crv (pst) 1266.4 ± 71.5 N 23.0 ± 2.0
crv' (psf) 887.7 ± 68.1 CR 0.87
amax (g) 0.600 ± 0.090 Cs 1
rd 0.96 ± 0.052 Cs 1
CSR 0.533 ± 0.093 CE 1.22
Equivalent Magnitude 6.9 CN 1.50
MSF (Nt)so 36.4 ± 3.2
CSRN
424
(N1)eo CSR0.4 0.5 o.e
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40.0 I I 40,0
Depth (m Depth (ft CSR N CN CR (N1 )60
3.0 9.8 0,507 21.0 1.58 0.85 34.2






Location: Kobe No: 22
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Nonliquefied
Comments:
Summary of Data
Liquefied? No Dso 0.000 ± 0.000
Data Class B % Fines 6.0 ±2.0
Critical Depth Range 13.1 - 26.2 %PI
Depth to GWT (tt) 7.9 ± 1.0
crv(psf) 2185.0 ± 258.1 N 32.5 ± 9.7
crv' (psf) 1448.0 ± 138.6 CR 0.88
amax (g) 0.600 ± 0.090 Cs 1
rd 0.86 ± 0.082 Cs 1
CSR 0.509 ± 0.095 Ce 1.22
Equivalent Magnitude CN U8
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Depth (m Depth (ft CSR N CN CR (N1)60
4.0 13.1 0.472 33.0 1.35 0.89 48.0
5.0 16.4 0.499 38.0 1.25 0.92 53.3
6.0 19.7 0.509 24.0 1.18 0.95 32.6
7.0 23.0 0.504 18.0 1.11 0.98 23.8






Location: Kobe No: 23
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Nonliquefied
Comments:
Summary of Data
Liquefied? No 0 50 0,000 ± 0,000
Data Class A % Fines 8,0 ±2.0
Critical Depth Range 13.1-19.7 %PI
Depth to GWT (ft) 9.8 ± 1.0
crv (pst) 1788.1 ± 134.7 N 18.0 ± 0.7
cry' (pst) 1378.6±91.1 CR 0.92
ama>< (9) 0.600 ± 0.090 Cs 1
rd 0.89 ± 0.070 CB 1
CSR 0.449 ± 0.080 CE 1.22
Equivalent Magnitude 6.9 CN 1.20
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Depth (m Depth (ft CSR N CN CR (N1)60
4.0 13.1 0.421 18.0 1.29 0.89 25.0
5.0 16.4 0.449 50.0 1.20 0.92 67.5






Location: Kobe No: 24
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Nonliquefied
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class B % Fines 0.0 ± 0.0
Critical Depth Range 9.8-13.1 % PI
Depth to GWT (ft) 7.7 ± 1.0
crv(pst) 1243.4 ± 72.3 N 17.0±0.9
cry' (pst) 1008.0 ± 68.9 CR 0.87
amax (g) 0.500 ± 0.075 Cs 1
rd 0.96 ± 0.052 Cs 1
CSR 0.383 ± 0.066 CE 1.22
Equivalent Magnitude 6.9 CN 1.41
MSF (N1)eo 25.3 ± 1.4
CSRN
430
(N1)60 eSR0,2 0.3 0.4 0.5
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Depth (111 Depth (ft CSR N CN CR (N1 )60
3.0 9.8 0.359 16.0 1.47 0.85 24.3






Location: Kobe No: 25
References: Tokimatsu, K. Personal Communication (2000)
Nature of Failure: Nonliquefied
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class B % Fines 4.0 ± 1.0
Critical Depth Range 9.8-13.1 % PI
Depth to GWT (ft) 7..1 ± 1.0
cry (pst) 1250.0 ± 71.9 N 29.8 ± 0.9
cry' (pst) 973.6 ± 68.4 CR 0.76
amax (g) 0.700 ± 0.105 Cs 1
rd 0.96 ± 0.052 Cs 1
CSR 0.561 ± 0.097 CE 1.22
Equivalent Magnitude 6.9 CN 1.43
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Depth (m Depth (ft CSR N CN CR (N1 )60
3.0 9.8 0.528 26.0 1.50 0.85 40.2






Location: Kobe No: 26
References: Tokirnatsu, K. Personal (2000)
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class B % Fines 0.0 ± 0.0
Critical Depth Range 9.8 -13.1 %PI
Depth to GWT (ft) 3.0 ± 1.0
cry (pst) 1248.4 ± 70.3 N 24.5 ± 3.9
cry' (pst) 716.1 ± 72.6 CR 0.87
amax (g) 0.600 ± 0.090 Cs 1
r, 0.97 ±0.052 Cs 1
CSR 0.660 ± 0.120 Ce 1.22
Equivalent Magnitude 6.9 CN 1.67
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3.0 9.8 0.638 21.0 1.77 0.85 38.3






Location: Kobe No: 27
References: Tokirnatsu, K. Personal (2000)




Liquefied? No 0 50 0,000 ± 0.000
Data Class B % Fines 10,0 ± 2,0
Critical Depth Range 6.6 - 9.8 %PI
Depth to GWT (ft) 3.4 ± 1.0
crv(psf) 844.0 ± 62.2 N 27.3 ± 3.0
crv' (psf) 547,1 ± 66.3 CR 0.82
amax (9) 0.600 ± 0.090 Cs 1
rd 0.98 ± 0,039 Cs 1
CSR 0.591 ± 0.114 CE 1.22
Equivalent Magnitude 6.9 CN 1.91
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Jepth (m Depth (ft OSR N ON OR (N1)60
2.0 6.6 0.542 29.0 2.00 0.80 56.3






Location: Kobe No: 28
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Non-liquefied
Comments:
Summary of Data
liquefied? Yes 0 50 0.000 ± 0.000
Data Class B % Fines 10.0 ± 2.0
Critical Depth Range 13.1 -16.4 % PI
Depth to GWT (ft) 5.7 ± 1.0
cry (psf) 1521.5 ± 71.8 N 16.6 ± 2.5
cry' (psf) 958.5 ± 75.3 CR 0.90
amax (g) 0.400 ± 0.060 Cs 1
rd 0.93 ± 0.064 Ce 1
CSR 0.384 ± 0.068 CE 1.22
Equivalent Magnitude 6.9 CN 1.44
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Depth (m Depth (ft CSR N CN CR (N1)60
4.0 13.1 0.372 18.0 1.50 0.89 29.1
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Depth(m Depth (ft CSR N CN CR (N1)60
3.0 9.8 0.312 12.0 1.57 0.85 19.4
3.8 12.3 0.338 14.0 1.47 0.88 21.9






Location: Kobe No: 30
References: Toklmatsu, K. Personal Communication (2000)
Nature of Failure: Liquefied
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class B % Fines 10.0 ± 1.0
Critical Depth Range 23.0 - 32.8 % PI
Depth to GWT (ft) 4.9 ± 1.0
O'v (pst) 2903.5 ± 196.3 N 30.6 ± 4.7
0'; (pst) 1470.5 ± 130.4 CR 1.00
amax (g) 0.600 ± 0.090 Cs 1
rd 0.73±0.110 Cs 1
CSR 0.566 ± 0.123 CE 1.22
Equivalent Magnitude 6.9 CN 1.17
MSF (N1)60 43.4 ± 6.6
CSRN
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Depth(m Depth (ft CSR N CN CR (Nt)60
7.0 23.0 0.604 24.0 1.26 0.98 35.9
8.0 26.2 0.581 35.0 1.19 1.00 50.9
9.0 29.5 0.549 29.0 1.14 1.00 40.2






Location: Kobe No: 31
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? No D50 0.000 ± 0,000
Data Class A % Fines 0.0 ± 0.0
Critical Depth Range 9.8 -16.4 % PI
Depth to GWT (ft) 3.9 ± 1.0
cry (psf) 1404.2 ± 127.2 N 35.7 ± 3.8
cry' (psf) 831.0 ±84.0 CR 0.89
amax (g) 0,600 ± 0.090 Cs 1
rd 0.94 ± 0.058 Ca 1
CSR 0.622 ± 0.111 CE 1.22
Equivalent Magnitude 6.9 CN 1.55
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Depth (m Depth (ft CSR N CN CR (N1 )60
3.0 9.8 0.582 31.0 1.72 0.85 55.0
4.0 13.1 0.622 40.0 1.55 0.89 67.0






Location: Kobe No : 32
References: Tokimatsu, K. Personal
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class B % Fines 6.0 ±2.0
Critical Depth Range 6.6 -16.4 %PI
Depth to GWT (tt) 4.6 ± 1.0
crv(psf) 1125.3 ± 167.4 N 18.0 ± 2.0
cry' (psf) 695.4 ± 90.5 CR 0.87
8max (g) 0.500 ± 0.090 Cs 1
rd 0.94 ± 0.052 Cs 1
CSR 0.494 ± 0.107 CE 1.22
Equivalent Magnitude 6.9 CN 1.70
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Depth(m Depth (ft CSR N CN CR (N1 )60
2.0 6.6 0.392 18.0 1.98 0.80 34.6
3.0 9.8 0.469 19.0 1.78 0.85 34.8
4.0 13.1 0.512 16.0 1.63 0.89 28.1






Location: Kobe No: 33
References: Tokimatsu, K. Personal Communication (2000)
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class B % Fines 50.0 ± 5.0
Critical Depth Range 23.0 - 29.5 % PI
Depth to GWT (ft) 6.6 ± 1.0
cry (pst) 2723.1 ± 141.8 N 21.5 ± 1.5
cry' (pst) 1494.8 ± 111.1 CR 1.00
amax (9) 0.500 ± 0.075 Cs 1
rd 0.74 ± 0.104 Cs 1
CSR 0.439 ± 0.093 CE 1.22
Equivalent Magnitude 6.9 CN 1.16
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Depth (m Depth (ft CSR N CN CR (N1)60
7.0 23.0 0.455 21.0 1.21 0.98 30.3
8.0 26.2 0.439 23.0 1.16 1.00 32.4






Location: Kobe No: 34
References: Tokimatsu, K. Personal
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class B % Fines 9.0 ± 1.0
Critical Depth Range 13.1 - 32.8 %PI
Depth to 8WT (ft) 5.9 ± 1.0
crv(psf) 2381.9 ± 352.0 N 17.6 ± 2.5
cry' (psf) 1317.3 ± 167.5 CR 0.98
amax (g) 0.400 ± 0.060 Cs 1
rd 0.73 ± 0.093 Cs 1
CSR 0.345 ± 0.071 CE 1.22
Equivalent Magnitude 6.9 CN 1.23
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Depth (m Depth (ft CSR N CN CR (N1)eo
4.0 13.1 0~349 20.0 1.49 0.89 32.2
5.0 16.4 0.359 16.0 1.39 0.92 24.9
6.0 19.7 0.357 19.0 1.30 0.95 28.6
7.0 23.0 0.345 18.0 1.23 0.98 26.4
8.0 26.2 0.327 17.0 1.17 1.00 24.2
9.0 29.5 0.305 16.0 1.12 1.00 21.8






Location: Kobe No: 35
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Liquefied
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class A % Fines 8.0 ± 2.0
Critical Depth Range 9.8 -19.7 %PI
Depth to GWT (ft) 6.7 ± 1.0
crv(psf) 1516.6 ± 177.3 N 12.3 ± 1.7
crv' (psf) 1015.0 ± 99.7 CR 0.90
amax (9) 0.500 ± 0.075 Cs 1
rd 0.86 ± 0.064 Cs 1
CSR 0.417 ± 0.077 CE 1.22
Equivalent Magnitude 6.9 CN 1.40




























































Depth (m Depth (ft CSR N CN CR (N1)60
3.0 9.8 0.372 13.0 1.58 0.85 21.1
4.0 13.1 0.408 13.0 1.45 0.89 20.4
5.0 16.4 0.421 10.0 1.36 0.92 15.2






Location: Kobe No: 36
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class B % Fines 3.0 ± 1.0
Critical Depth Range 9.8-13.1 %PI
Depth to GWT (ft) 3.1 ± 1.0
O"y(pst) 1190.3±67.8 N 20.0 ± 0.8
O"y' (pst) 666.2 ± 71.5 CR 0.87
ams• (g) 0.600 ± 0.090 Cs 1
rd 0.93 ± 0.052 Ce 1
CSR 0.646±0.120 Ce 1.22
Equivalent Magnitude 6.9 CN 1.73

















15.0 - - - - -
g
a 20·O - - - - -
~





















'0.0 '-__-4----l 40.0 .I.-.__--I..J
Depth (m Depth (ft CSR N CN CR (N1 )60
3.0 9.8 0.627 20.0 1.83 0.85 37.7






Location: Kobe No : 37
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? Yes D50 0.000 ± 0.000
Data Class A % Fines 0.0 ± 0.0
Critical Depth Range 13.1 -19.7 %PI
Depth to GWT (ft) 13.1 ± 1.0
CJy(psf) 1738.8 ± 132.0 N 17.0 ± 2.4
cry' (pst) 1534.1 ± 94.5 CR 0.92
amax (g) 0.350 ± 0.050 Cs 1
rd 0.88 ± 0.070 Cs 1
CSR 0.226 ± 0.039 CE 1.22
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bepth (m Depth (ft CSR N CN CR (N1)60
2.0 6.6 NA 17.0 1.70 0.80 28.1
3.0 9.8 NA 16.0 1.39 0.85 22.9
4.0 13.1 0.208 11.0 1.20 0.89 14.3
5.0 16.4 0.226 17.0 1.14 0.92 21.8






Location: Kobe No: 38
-
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class B % Fines 5.0 ± 1.0
Critical Depth Range 19.7-32.8 % PI
Depth to GWT (ft) 9.8 ± 1.0
O'y(pst) 2706.7 ± 242.1 N 15.2±2.1
O'y' (pst) 1683.1 ± 133.5 CR 1.00
amax (g) 0.500 ± 0.075 Cs 1
rd 0.73 ± 0.104 Cs 1
CSR 0.380 ± 0.081 CE 1.22
EqUivalent Magnitude 6.9 CN 1.09
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bepth (m Depth (ft CSR N CN CR (N1 )60
6.0 19,7 0.391 13.0 1.19 0.95 17.9
7.0 23.0 0.390 16.0 1.14 0.98 21.6
8.0 26.2 0.380 13.0 1,09 1.00 17.2
9,0 29.5 0.362 19,0 1,05 1.00 24.2






Location: Kobe No: 39
References: Tokimatsu, K. Personal f'nrnr,.H (2000)
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class B % Fines 0.0 ± 0.0
Critical Depth Range 13.1 -16.4 % PI
Depth to GWT (ft) 8.5±1.0
cry (psf) 1612.5 ± 76.4 N 47.0±3.1
cry' (psf) 1223.6 ± 73.2 CR 0.90
amax (9) 0.600 ± 0.090 Cs 1
rd 0.96 ± 0.064 Cs 1
CSR 0.492 ± 0.085 CE 1.22
Equivalent Magnitude 6.9 CN 1.28
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Depth (m Depth (ft CSR N CN CR (N1)60
4.0 13.1 0.472 44.0 1.33 0.89 63.0






Location: Kobe No: 40
References: Tokimatsu, K. Personal
.. (2000)
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? No 0 50 0.000 ± 0.000
Data Class 8 % Fines 0.0 ± 0.0
Critical Depth Range 9.8-13.1 % PI
Depth to GWT (ft) 9.2±1.0
cry (psf) 1274.6 ± 73.6 N 31.1±7.7
cry' (psf) 1131.3±74.5 CR 0.87
amax (g) 0.600 ± 0.090 Cs 1
rd 0.97 ± 0.052 Cs 1
CSR 0.425 ± 0.072 CE 1.22
Equivalent Magnitude 6.9 CN 1.33
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Depth (m Depth (ft CSR N CN CR (N1 )60
3.0 9.8 0.395 36.0 1.38 0.85 51.3






Location: Kobe No: 41
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Non-llquefled
Comments:
Summary of Data
Liquefied? Yes DSD 0.000 ± 0.000
Data Class A % Fines 0.0 ± 0.0
Critical Depth Range 7.4-19.7 %PI
Depth to GWT (ft) 6.6 ± 1.0
crv(psf) 1455.9 ± 228.8 N 9.7 ± 1.9
crv' (psf) 1020.8 ± 119.5 CR 0.89
amax (g) 0.400 ± 0.060 Cs 1
rd 0.93 ±0.059 Ce 1
CSR 0.346 ± 0.064 CE 1.22
Equivalent Magnitude 6.9 CN 1.40
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Jepth (m Depth (ft CSR N CN CR (N1)60
2.3 7.4 0.271 11.0 1.66 0.81 18.0
3.0 9.8 0.310 10.0 1.54 0.85 15.8
3.8 12.3 0.337 7.0 1.44 0.88 10.8
4.5 14.8 0.354 8.0 1.36 0.90 12.0
5.3 17.2 0.364 10,0 1,29 0.93 14.6






Location: Kobe No: 42
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class A % Fines 10.0 ± 1.0
Critical Depth Range 13.1 -19.7 %PI
Depth to GWT (ft) 3.8 ± 1.0
crv(psf) 1621.6 ± 121.5 N 7.0 ± 0.3
crv' (psf) 833.4 ± 88.1 CR 0.92
amax (g) 0.400 ± 0.060 Cs 1
rd 0.81 ± 0.070 Ca 1
CSR 0.412 ± 0.078 Ce 1.22
Equivalent Magnitude 6.9 eN 1.55
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Depth (111 Depth (ft CSR N eN CR (N1 )60
4.0 13.1 0.411 7.0 1.68 0.89 12.7
5.0 16.4 0.412 7.0 1.55 0.92 12.2






Location: Kobe No: 43
References: Tokimatsu, K. Personal (2000)
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class B % Fines 20.0 ± 2.0
Critical Depth Range 13.6 - 16.9 %PI
Depth to GWT (tt) 7.1 ± 1.0
cry (psf) 1566.6 ± 72.1 N 10.0 ± 0.2
cry' (pst) 1054.8 ± 75.6 CR 0.91
amax (9) 0.350 ± 0.050 Cs 1
rd 0.91 ± 0.066 Cs 1
CSR 0.307 ± 0.053 CE 1.22
Equivalent Magnitude 6.9 CN 1.38



















5.0 - - - - - -
10.0 - - -
150
g
R 20.0 - - - - - - -
..
o
25.0 - - - - -
30.0 - - - - - -




Depth (rT1 Depth (ft CSR N CN CR (N1 )60
4.2 13.6 0.297 10.0 1.43 0.89 15.5






Location: Kobe No: 44
References: Tokimatsu, K. Personal
Nature of Failure: Non-liquefied
Comments:
Summary of Data
Liquefied? Yes 0 50 0.000 ± 0.000
Data Class 8 % Fines 5.0 ± 1.0
Critical Depth Range 9.8 -16.4 %PI
Depth to GWT (ft) 5.1 ± 1.0
crv (psf) 1286.9 ± 115.9 N 4.7 ± 1.2
cry' (psf) 785.3 ± 80.2 CR 0.89
amax (g) DADO ± 0.060 Cs 1
rd 0.87 ± 0.058 Cs 1
CSR 0.370 ± 0.068 CE 1.22
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Depth (m Depth(ft CSR N CN CR (N1)60
3.0 9.8 0.344 4.0 1.74 0.85 7.2
4.0 13.1 0.370 6.0 1.60 0.89 10.3
5.0 16.4 0.376 4.0 1.48 0.92 6.6
Mean: 8.0
St. Dev 2.0
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